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CHAPTER I

EXECUTIVE SUMMARY

A. BACKGROUND

The purpose of this study is to determine the ammunition expenditire

necessary to attain and maintain required levels of proficiency. Allow-

ances for training ammunition are currently promulgated by a Marine Corps
Order published by the Deputy Chief of Staff for Installations and Logis-

tics. These allowances have been based on a combination of usage data,
budget constraints, and numerous unvlidated requests from users. Little

consideration has been given to levels of skill attainment, alternative

means of training, or recognized standards of proficiency. The increasing
costs of ammunition, sophistication of weapons systems, and training area

constraints require a more effective and efficient means to allocate train-
ing ammunition. To establish that means, a measure of ammunition expendi-

ture considering the above parameters and relative to skill attainment and

proficiency must be determined.

3. STUDY OBJECTIVES AND MODIFICATIONS

1. Objectives

The major objectives of this study effort are to:
(1) Recommend Marine Corps ammunition training allowances basec on:

(a) Attainment of required training standards for individuals in
units (IAW appropriate Marine Corps Combat Readiness Evalua-

tion System (MCCRES) volume).
(b) Maintenance of required training standards of individuals

(IAW appropriate MCCRES volume).

(c) Attainment of required training standards of teams,

batteries, etc. (IAW appropriate MCCRES volume).

I-1
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(d) Maintenance of required training standards of commands (IAW

appropriate MCCRES volume).

(e) This study shall not address Battalion Staff or Regimental

Staff expenditure of training ammo requirements or M-16

training requirements.

(2) Recommend a method by which subcaliber and simulator training can

be assigned a quantitative value relative to the value of live-

fire training.

(3) Recommend a methodology through which training allowances are

responsive to changes in weapons, tactics, doctrine and budget

constraints.

2. Modifications

In this study major emphasis has been placed on -artillery and

tank training ammunition requirements; they constitute the major annual

training ammunition expense. However, the study does consider the follow-

ing other systems:

(1) Mortars: 81mm and 60mm,

(2) Anti-tank systems - TOW and DRAGON,

(3) Machine Gun, 7.62mm M-60 and .50 Caliber, HB flexible, ground

mounted, and

(4) Air Defense Systems - Improved HAWK and STINGER/REDEYE.

This study modification was agreed to by the study sponsor and

project officer.

C. FACTS BEARING ON THE PROBLEM

The USMC conducts progressive training to attain and maintain profi-

ciency in crew-served weapon systems.

Training publications such as Technical Manuals (TMs), Field Manuas

(FMs), and Marine Corps Combat Readiness Evaluation System (MCCRES) provide

guidance and weapons specific instructions for crew-served weapon systers

training. However, commanders are authorized flexibility in the conduct cf

1-2



training to meet mission requirements, constraints of training facilities

and time, budget limitations, and unit readiness proficiency.

Crew-served weapons training is intended to improve combat readiness

of individual and weapons system teams to meet specific mission require-.

ments and operational standards.

Current level of mission commitments including deployments and train-

ing and readiness exercises will continue for the foreseeable future.

D. MAJOR ASSUMPTIONS

(1) That the standards of proficiency in the Marine Corps Combat

Readiness Evaluation System (MCCRES) are valid.

(2) That the standard of proficiency to be attained at Marine Corps

schools can be provided.

(3) That the mission of the Marine Corps, as outlined in the Marine

Corps Midrange Objective Plan (MMROP) will remain substantially

unaltered.

E. STUDY FOCUS, LIMITATIONS, AND RATIONALE THEREFORE

This study emphasizes crew-served weapon systems training in active

Fleet Marine Force (FMF) units. Reserve unit training is not considered.

Only current weapons and simulators are considered. These included

the 155mm howitzer M-198, the M-60AI tank, 60mm light weight company mor-

tar, and the 81mm mortar.

Priority and emphasis are given to examining weapons systems with

medium costs and high volume emmunition requirements (artillery, mortars,

and tanks). Low priority is given to examining weapons systems with high

cost and low volume ammunition requirements (TOW, DRAGON, REDEYE/STINGER,

and I-HAWK).

1-3
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F. METHOD OF ANALYIS

1. General

To meet the objectives of the study, an analytical plan was deve-

loped which outlined the approach, the necessary tasks to be accomplished,

and their sequencing which would be required for the development of the

methodologies for use in estimating ammunition training allowances. The

methodologies would be based on proficiency levels and training/budgetary

tradeoffs rather than the historically based parametric approach to expen-

diture rates, and periodic unjustified requests.

2. Overview of Tasks

To accomplish the study the tasks and their sequencing are illus-

trated in Figure II-1.

3. Critical Issues

In the approach, the study group felt that the following critical

issues to the study problem would be answered:
(1) Have other studies been done that would contribute to the study?

(2) Is there sufficient data available to conduct the study?

(3) Can the data be quantified and organized for analysis?

(4) Is there an existing methodology for the analysis?

G. THE TRAINING ENVIRONMENT

The Marine Corps' dedication to training readiness is well known and

effectively enunciated in a wide variety of official publications. Also,

as a force-in-readiness, the Marine Corps sustains a high operational tempo

of peacetime activities. These activities are conducted on a world-wide

basis encompassing almost all climatic conditions and terrain variables.

It is useful to briefly review these peacetime commitments, operational

tempo, and force posture in order to ensure a contextual picture of the

Fleet Marine Force (FMF) training environment.

1-4



First it is noted that the Marine Corps maintains a minimum of two

forward deployed forces afloat, Marine Amphibious Units (MAUs), on a

continuous basis and is expected to be capable of rapidly embarking Marine

Amphibious Brigade (MAB) level forces in amphibious shipping to increase

the level of forward deployed forces afloat. 16 addition, III MAF is

forward deployed in Japan in a "6/9s" configuration including the 31st MAU.

The five infantry battalions of the 3rd Marine Division (-) are forward

deployed to Japan on a unit rotation basis from home bases located in the

Ist and 2nd Marine Divisions.

In addition to the commitments described above, the Marine Corps:

(1) Provides forces to the RDJTF including the 7th MAB related to the

Near Term Prepositioning Ship concept,

(2) Provides ready BLT level forces in an alert status related to

both airlifted and amphibious contingencies, and

(3) Conducts both amphibious and other major exercises on a regular

basis in support of JCS and unilateral training objectives.

The major factors fundamental to the training environment are:

(1) Force basing posture,

(2) Availability/location of appropriate training areas to include

live fire ranges, and

(3) Personnel turnover or turbulence generated by the high opera-

tional tempo and unit rotation.

In regard to the basing posture related to training areas and live

fire ranges, it is noted that only at 29 Palms, CA is there an effective

match of basing and live fire training areas. All other basing posture-

training area combinations are less than effective matches. In regard to

personnel turnover, it should suffice to state that the perishable nature

of unit training in an environment of significant personnel turbulence

makes unit training readiness one of the most difficult problems facing

today's Marine Corps.

The above review serves as a reminder of the FMF training environment

in which the study group attempted to form positive and productive conclu-

sions and recommendations.

1-5



H. TANK GUNNERY

Lack of hard data from unit training records and MCCRES tests required

a collection effort which resulted in the development of questionnaires

administered by mail to selected USMC tank gunnery ekperts. The survey was

designed for company commanders and battalion training officers calling for

judgments from their experience in conducting and evaluating tank crews

progressing through gunnery training to achieve and maintain proficiency.

This provided data that permitted an analysis which compared the impact on

training proficiency of the utilization of varying amounts of full and sub-

caliber training ammunition.

Typical data from the survey are shown in Figure 1-1 for the

percentage of crews qualified as a function of the number of rounds of full

caliber ammunition fired annually. The total number qualified includes

three categories, qualified, superior, and distinguished. Each line on the

graph represents the response from one survey participant showing his

estimate of the percent of tank crews expected to qualify at 70 percent or

better proficiency as a result of firing all full caliber (no sub-caliber)

ammunition at four annual rates. The tank gunnery questionnaire was

specifically structured to parallel the Army tank gunnery test program so

that data resulting from the tests can be applied to the tank gunnery

methodology developed in this study. The figure demonstrates the wide

spread of estimates obtained from the respondents to the survey. At the

normal allocation of 162 rounds per year, the estimates of the proportion

of crews qualifying varies from 50 to 91 percent. The estimates also vary

considerably in terms of the change in the proportion of crews qualified as

the ammunition allocation is reduced.

Mean scores were computed for each full caliber ammunition allocation

case for crews undergoing their first qualification and those in a subse-

quent annual qualification. There was little variation in the mean score

as the ammunition was varied from one-third the normal allocation to 1 1/2

times the normal allocation. If the ammunition allocation were reduced to

one-third of the current amount, the mean estimate indicated a reduction of

1-6
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four percentage points in the percent of maximum score. Increasing the

ammunition allocation to 1 1/2 times the normal would be expected to

increase scores by only one percentage point. It is obvious from the data

obtained that there was no concensus on the current scores achieved by tank

crews. Furthermore, even if the mean score for the normal allocation of

ammunition were to be determined accurately, there still remains

uncertainty as to how scores would change with a change in ammunition

allocation.

Effects of turbulence obtained from the survey are significant in both

crews and platoons. Crew turbulence was estimated to produce a change of

as much as 40 percent in the proportion of crews expected to qualify when

three or four of the crew change. The mean estimate was 27 percent.

Platoon turbulence was estimated to produce anywhere between a 20 and a 90

percent change in the proportion of crews qualifying when five new crews

are present in the platoon. Hard data are needed to identify more precise-

ly the effects of both crew and platoon turbulence, but it is evident that

it most likely is a most important factor in performance.

A major concern is the degree to which changes in the allocation of

ammunition will effect total Marine Corps training ammunition requirements.

The usual approach in changing ammunition allocation is to change the

amount given to each crew or platoon with no variation across the board. A

slightly different approach is possible, however. It is inferred in Army

Field Manual FMl7-12 that crews or platoons not qualifying be allowed to

reshoot until they achieve the necessary proficiency. This would suggest

that the ammunition allowance might be reduced in general, but that those

crews or platoons not qualifying be issued an additional allocation until

they do qualify. The idea of reducing allocations and then providing

additional ammunition for unqualified crews to continue shooting until they

do qualify was analyzed in the following sequence:

(1) Since there are no hard data to identify accurately the

proportion of crews qualifying under the current allocations a

nominal point had to be picked for analysis. It was assumed that

1-8
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the mean value of the proportion of crews qualifying uncer the

normal allocation is representative of the current situation.

(2) Each of the questionnaire responses was normalized to the mean

value selected in Step 1. As a result, each respondent's curve

on the estimated proportion of crews qualifying for various

ammunition allocations passed through the mean value point.

(3) The maximum, minimum and mean values of the proportions of crews

qualifying under different conditions was determined. It was

assumed that the qualifying crews fired only their allocation of

ammunition. It was assumed that the crews not qualifying with

the original allocation would shoot the average number of times

indicated from the survey.

The sequence of events followed on this training concept and the numbers

assumed to represent the amount of ammunition are shown in Figure 1-2. The

resulting use of ammunition is shown in Figure 1-3. The effect of reducing

the initial allocation and allowing those not qualifying to reshoot is to

reduce the total amount of ammunition for training when the initial

allocation is as low as 1/3 of what is currently provided.

The effect on the Marine Corps budget of reductions on the scale of

those shown in Figure 1-4 would be significant. If all 210 tank crews were

to fire the ammunition allocations suggested in TC 25-3, the cost would be

37.3 million dollars per year. Going to one-third of the current al':ca-

:Ion would reduce the expenditure of ammunition by 55 percent for a saJincs

f $4.0 million.

Before these analytical results can be treated as truly indicative cf

zne performance of Marine Corps crews and the requirements for ammunition,

-ore data are needed. The data that need to be collected are describec

:elow. it is noted that the concept of reducing the initial, allocatior .:-

:-aining ammunition to each crew or platoon and then providing aocitizra

ammunition to those that do not qualify can work only if crews and piatccns

ave access to ranges to reshoot as required.

I-9
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NORMALIZED NUMBER OF FIRST TIME QUALIFIERS (MEAN RETRIES)

4

F
A
C
T
0

* R

F

A
S

IC

A MAX *OF QUALIFIERS

M
0

A
L
L
0

A QUALIFIERS

I0
N

0 1 ___I__ I_____ I__ I

0 54 108 162 243

AMOUNT OF CURRENI AMMO ALLOCATION

Figure 1-3. Total Ammunition Usage as a Function of Allocation



The testing data collection and analysis proposed are intended to help

determine the following:

(1) The effect of the variation of full caliber ammunition alloca-

tions on crew and platoon performance;

(2) The effect of the use of sub-caliber ammunition and simulation as

substitutes for full caliber;

(3) The effect of training profiles and mission requirements; and

(4) The effect of turbulence.

The following steps are required to obtain usable guidelines for the
allocation of training ammunition:

(1) Specify and enforce clear standards for tank firing training.

Currently the Marine Corps is supposed to be using the standards

specified in the US Army Field Manual (FM) 17-12L Standards more

directly suited to the Marine Corps may be developed. However,

it is more important that a set of standards be used consistently

no% than to spend time developing a new set and delay the

collection the needed hard data. Therefore, immediate

enforcement of the use of FM 17-12 is recommended. If the Marine

Corps does develop new standards tailored more to its own needs

they can be introduced later.

(2) Hard data must be collected from the Marine Corps training

program on the performance of tank crews and platoons against the

standards. It is necessary to obtain training results for

different amounts of ammunition used. Two alternatives are

suggested in Chapter III, Section B.4. The first is a rigidly

structured test, such as described in Figure 1-4. The other uses

results as they can be obtained from the current Marine Corps

training program. The type of data that need to be collected and

the forms to use in the collection process are shown in

Figure 1-5 and in detail in Chapter III.

(3) Mathematical models will be used to obtain least square estimates

of the proficiency of crews and platoons as a function of the

amount of ammunition use,-. The equations are described later in

1-12



Number Number Ammunition Pre-Table Organization/Mission
of of Allocation Simulation
Platoons Tanks N%

7* Nominal 0 1 TNK Bn

17** IIf3 TNK Bn

17* I f2 TNK Bn/Pre-deployienr.

17* of2 TNK Bn/Post-deployment

17* 61Hawaii/Pre-deployment

15 Ik Okinawa

17-k Nominal 90 1 TNK Bn

15 t 3 3TNK Bn

17* 2 TNK Bn/Pre-deployment

15 2 TNK Bn/Post-deployment

1 5 Hawaii/Predeployrnen;.

17* Okinawa

17* 2/3 Full-cal. 0 1 TNK Bn

17* 3 TNK Bn

2. 7* H2 TNK Bn/Pre-deployment

17** 2 TNK Bn/Post-deployment

15 Hawaii/Post-deployment

15 Okinawa

15 2/3 Full-cal. 90 1 TNK Bn

17* 3 TNK Bn

15 3 TNK Bn

1 5 2 TNK Bn/Pre-deploymen:.

1 5 2 TNK Bn/Post-deployment

1 5 UOkinawa

1 5 1/3 Full-cal, 0 3 TNK BN

7* 2 TNK Bn/Pre-de~loyment

1 5 2 TNK Bn/Post-oeploymen:

1. 5 1I S TNK Bn

Figure 1- 4. Tank Test Organization
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Air-

Number Number Ammunition Pre-Table Organization/Mission
of of Allocation Simulation
Platoons Tanks (%)

1 5 1 TNK Bn

1 5 1 TNK Bn

1 7* Okinawa

1 7* 1/3 Full-cal. 90 1 TNK Bn

1 5 1 TNK Bn
1 5 2 TNK Bn/Pre-deployment

1 5 2 TNK Bn/Post-deployment

1 5 Okinawa

*Includes two company command element tanks
v*Includes two battalion command element tanks

Figure 1-4. Tank Test Organization (Continued)
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Chapter III. The best starting point for representing the

proficiency of crews and platoons as a function of the amount of

ammunition used is an experimental formula. A hypothetical
result is shown in Figure 1-6. Linear or quadratic forms might

be best for the relationships between the use of simulation or

subcaliber and proficiency, and the effect of turbulence on

proficiency.

(4) The selection of the amount of simulation and subcaliber to use

will be a function of the cost of each and the practical number

of times they can be used by crews and platoons. The procedure

for determining the amount of simulation and subcaliber to use
will also be described later in Chapter III.

These mathematical models and analytical procedures are the best

possible alternatives available, given the amount and type of currently

available data, coupled with state-of-the-art of learning theory, as it

relates to crew performance in direct fire weapons. The exponential curve,

shown in Figurel-6 , was selected because it possesses the basic character-
istic which exemplifies that the amount of increase in score for a given

increase in ammunition decreases as the total amount of ammunition becomes

larger. For example, assume a tank crew has been allocated 100 rounds for

training and scores 70 percent of the maximum number of points. Adding 20

more rounds for a total of 120 might increase the score to 75 percent. If

the crew then gets 20 more for a total of 140, their score may increase to

78 percent. Thus, the first increment of 20 rounds increased the score by

5 percentage points, and the second increment of 20 rounds increased the

score by only 3 percentage points. The data to be collected will resolve
how much scores will change in response to increases in ammunition.

The substitution of simulation and subcaliber, based on the best

available information, results in no essential proficiency change, or
slight reductions. Figure 1-7 shows how the impact of subcaliber use might

appear. The impact might be linear or non-linear. Again, test data will

resolve the issue.
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Turbulence effects are less defined than the effects of ammunition

levels, and the substitution of simulation or subcaliber. As discussed in

Chapter III, new measures and associated data are needed. Preliminary

methods to guide the analysis are provided in Chapter III.

The methods proposed will provide ammunition allocation as a function

of proficiency and budget constraints. When new weapons or tactics are

introduced, the same general methods will apply. New data will be needed,

beginning with operational tests of the weapons and tactics, and new equa-

tions might be required. The latter decision will be determined by the

data obtained from tests, and the understanding gained from the methods

developed from the models presented in this report.

I. INDIRECT FIRE

The purpose of the indirect-fire methodology is to help the Marine

Corps to decide how much ammunition it needs to train its crews serving on

indirect-fire weapon systems. It organizes both the data and the "decision

variables", not only into a logical form, but also into a quantitative

relationship so that values of the decision variables can be equated to

some quantity of ammunition.
Tie basic decision variable which the Marine Corps must provide is tne

level of proficiency, or readiness, that it desires indirect-fire weapon

crews to exhibit. This "proficiency level" should be expressed in terms of

some standard, and the Marine Corps has specified the MOCRES standarcs t:

De used in this study. To this end, the data gathered pertain to likeiy

MCCRES scores achievable by an indirect-fire unit under various circum-

stances--these scores being estimated through answers to questionnaires
given to Marine Corps' experts.

The methodology provides information linking some number of live-fire

(and non-live-fire) exercises with some amount of achievable "proficiency".

It does not determine how many rounds to train with per exercise (in fact,

the data gathered are inconclusive in this regard), but it assumes the

current value from data of about 60 rounds per live-fire exercise.
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Intuitively, the more live-fire exercise days, and consequently the more

ammunition, the greater the proficiency, and the methodology describes this

relationship quantitatively.

When training at the same specified number of exercise days per year,

some units will exhibit higher and some units lower'proficiency if tested.

For planning training ammunition requirements based on proficiency, we need

some concept of Marine Corps-wide, long-term, "steady-state" proficiency.

The methodology provides this concept:

(1) By averaging, in a particular way, the subjective data

(essentially subjective estimates of the likely outcomes. of

MCCRES tests) gathered from Marine Corps experts.

(2) By establishing a measure of proficiency based on "average

maintainable proficiency".

In general, personnel turnover (turbulence) within a unit will lower

the maintainable level of proficiency in that unit unless compensated fo-

by an increased number of exercise days. The indirect-fire methodology

makes personnel turnover a decision variable (along with proficiency) so

that the Marine Corps can judge the proficiency tradeoff between personnel

turnover and exercise days. In this way the current turnnover rate is not

"built in".

Since indirect-fire weapon crews' activities involve basically

procedural tasks, there can be considerable "forgetting" during periods

when training is not performed. Thus, the level of proficiency in time

varies depending on when training is conducted, how forgetting occurs in

the meanwhile, and how many new crew members replace established crew

members. Figure 1-8 displays a sample time profile of a unit's profi-

ciency. The average proficiency of 78 percent represents the average

proficiency maintainable at the rate of training and the rate of the

relationship of this coverage proficiency to the amount of turnover

underlying the displayed process.

Profiles such as those displayed in Figure 1-8 are characteristic of

small crews of indirect-fire weapon system sections such as the elements

(forward observer section, fire direction center, and howitzer sections) of
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an artillery battery. The proficiency of the battery, however, is some

complicated combination of the proficiencies of each of the elements and

the "coordination proficiency" between elements. Thus, the indirect-fire

methodology provides two models. One to describe the proficiency of the

elements, and one to combine the element proficiencies into a battery

proficiency.

The proficiency of an element can be described by a simple training

model which relates a crew's proficiency to the amount of training it

receives and the amount of personnel turnover it *experiences. This model

can evaluate the gain in proficiency when a newly assembled crew trains,

and the level of maintainable proficiency as a mature crew trains and

changes. The model can also be used to evaluate the efficacy of predeploy-

ment intense training to boost proficiency. Figure 1-9 displays a sampic
"proficiency maintenance" curve for an element's crew. As expected, the

more exercise days per year, the higher the maintainable proficiency.

The performance success of a battery depends on the ability of an

element's crew to perform those subtasks endemic to their function with

accuracy and timeliness. However, different missions make different

demands on each element's crew and require the elements to interact

differently among themselves. The indirect-fire methodology contains a

battery proficiency model which uses the MCCRES standards applicable to

different missions and mixes representative missions in order to relate

element proficiency to battery proficiency. This model is tuned to the

implied "coordination proficiency" extracted from the subjective data

provided by the questionnaires.

Figure I-10displays the sample relationship between exercise days per

year and artillery battery proficiency. This curve is a basic output of

this study. It applies under the assumption that the battery trains

together with no differential training given to any element. The differ-

ence between 33 and 38 pure live-fire exercise days per year (at 60 rounds

per day) is about 2 percentage points (74 percent versus 76 percent). Also

to maintain the higher proficiencies, one needs proportionately more 50/50

live-fire/non-live-fire training than pure live-fire training (45 pure
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live-fire days to maintain 78 percent but 51 mixed 50/50 days to maintap

the same proficiency.)

The battery proficiency model, linking element proficiencies as

represented in Figure 1-9 to battery proficiency as represented in Fig-

ure 1-10. has other applications. It allows for the construction of trace-

off curves which indicate how element proficiencies trade-off agai-st

themselves, while maintaining the same battery proficiencies. For example.

increasing the fire-direction center's proficiency by one percentage point

allows us to decrease the howitzer sections proficiency by one percentage

point with no change in battery proficiency. The battery proficiency mocel

indicates that forward observer (FO) proficiency has about twice the impact

on battery proficiency as do each of the other elements. Thus, 'it seems tc

pay to overtrain the FOs.

J. OTHER CREW SERVED WEAPONS

Analysis of allowances for other crew served weapons was primariy

based on annual consumption data related to the basis of the current allow-

ance and costing considerations. The following paragraphs discuss those

:rew se-ved weapons identified in the study guidance.

1. TOW and DRAGON

It is understood that the current total inventory of practice and

primary missiles for both TOW and DRAGON are such that replacement of

training consumption is not required or anticipated over the next e,,

years. However, the number of TOWs and DRAGONS in the FMF wil, concur-

rently increase significantly in conjunction with the force struc:u-e

evolution and eventually generate a requirement for procurement/replacement

of improved TOW and DRAGON missiles. The current item replacement costs

for TOW and DRAGON missiles are estimated at S9,950 and $8,000

respectively. Although current allowances appear minimal, item costs seen

in conjunction with an increasing inventory and potential use of the MTLES

XM62 and XM64 training devices appear to warrant reconsideration of the

basis of thase allowances. Specifically, experimentation with variamie
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organizational allowances similar to those discussed for tanks and

artillery would provide a means of determining if a more cost effective

allowance basis was feasible.

2. Air Defense (HAWK AND STINGER)

The annual allowances of VX80, GM HAWK MIM-23B are three missiles

per battery in the active force structure and two per battery in the SMCR.

The unit cost of the missile is $244,000. While the allowances can be

considered minimal the high unit cost appears to warrant additional experi-

mentation with variable organizational allowances both at and below current

allowances.

The current annual allowance of VX81, GM REDEYE M41A2 is one per

gunner. It is understood that this allowance was possible due to a very

large inventory as related to only 60 gunners in the active force struc-

ture. However, the active force structure has been increased to two full

batteries each containing 150 Gunners. In light of the increased structure

and high cost of the STINGER missile, the Marine Corps has developed a

STINGER Launch Simulator which will be used to qualify all FMF gunners cn

an annual basis. Therefore, there are no plans to institute an annual FMF

training allowance of the STINGER missile.

3. Machine Guns (M60 and .50 Caliber)

The annual consumption history of the high density .50 caliber

ammunition shows wide variations in annual consumption which tend to vali-

date a need for a management system oroviding more control over training

a'lowances. This need is not exclusive to .50 caliber consumption but

extends to all infantry crew served weapons. Perhaps the best example of

the need is the introduction of the M249 Squad Automatic Weapon. It is

understood that the procurement will total 10,264 weapons which has the

potential of generating an annual consumption of 40-50 million rounds. As

tre focal weapon of the Marine Fire Team, field requirements or "demand"

for high or liberal allowances can be anticipated. Assistant gunners as

well as gunners need to be qualified. In addition, the fire team and squad

leaders will need to be fully trained in directing and coordinating the

fire of the M249 in a variety of tactical situations. Concurrentiy, the
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Marine Corps needs a cost effective approach in determining reasonable

training allowances that will be predictably stable over a number of years.

It is believed this example points toward transition to an organizational

training allowance system as the C series infantry battalion is introducec

into the force structure.

K. VARIABLE ORGANIZATIONAL ALLOWANCE CONCEPTS

The methodologies defined above lead to the predictable premise that

differing hard data curves will evolve through testing. Due To the many

variables included in the methodology it seems highly improbable that any

two battalion level organizations will produce matching curves. One coulc

attempt to normalize these curves to derive standard allowances for all FYF

units. However, such an approach would not take advantage of the data

gathered or the magnitude of differences in force posture, mission tasKing,

cersonnel turnover, and range location/availability that are existent in

:he FMF. The study group believes it is entirely feasible to set different

(or variable) FY84 allowances through judgmental analysis of the current

2urves and an evaluation of organizational location, mission tasking, per-

sonnel turbu'ence and live fire range constraints. A variable crgan~za-

tional annual allowance tailored to mission tasking and other basic factors

snould form the basis of a more cost effective allowance management system.

CHANGES IN FORCES, WEAPONS AND DOCTRINE AND BUDGET LEVELS - :MFACT ON
TRAINING AMMUNITION ALLOWANCES

Military forces are in a continuing state of evolutionary cnange. Ne,,

weapons and equipment are constantly being integrated into the Tn iita'r-

inventory. This, in most cases, requires changes in doctrine and traininc

procedures. The overall policy governing the acquisition of major systems

is set forth by Department of Defense in DOD Directives 5000.1 'MaJc-

Systems Acquisition," DOD 5000.2 "Major System Acquisition Process" and DOD

5000.3 "Test and Evaluation." The developmental process of a weapon

systems is all inclusive, and includes the development of the doctrine c1
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employment, the training and support packages to field and maintain the

item, and the personnel skill requirements to operate and sustain the

system under field conditions.

The overall acquisition process for new materiel is divided by DOD

into four (4) major phases:

(1) Conceptual,

(2) Validation,

(3) Full Scale Development, and

(4) Production and Development.

Training concepts and requirements should be studied, tested and/or evalu-

ated during each phase in development process. At the major decision

points at the termination of each phase, impact on training is a pertinent

decision-making factor to be considered prior to the development entering

the next phase.

At the culmination of the development phase, the engineering devel-

opment orototype is thoroughly tested and evaluated to determine whether

the system meets the requirements and should transition into procuctior.

The training support package should be thoroughly tested and evaluated in

the Operational Test U (OTII). There is a tendency in the development

process, due to budgetary constraints and project urgency, to minimize the

testing of Integrated Logistic Support (ILS) items in the OTTI test

program. As a result, the development of the LS items tends to fa-

behind the development of the prototypes. This lag in ILS develocment a,

testing has a tendency to be carried through to the production phase, anc

systems are frequently deployed with the training package incomplete, ant

not thoroughly tested. This impacts on training ammunition requirements

which are developed late with insufficient and inadequate testing. Hence,

it is extremely difficult under the circumstance to provide adeouate arc

timely justification for budgetary purposes for training ammunition which

is being produced concurrently with the system to meet deployment

schedules.

Greater emphasis must be placed in assuring that doctrine, organi-

zations, tactics, personnel skill requirements and, above all, the total
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training package are progressively and concurrently developed with the

materiel system. Training must be a major consideration in each phase of

development.

In regard to training ammunition requirements, the evaluation shoulc

answer critical issues pertaining to the development of the optimum ope'a-

tional proficiency of individual and unit skill level in the most econcmic

manner. To develop these requirements troop unit tests which determine

acceptable proficiency versus the optimum combination of live ano suc-

caliber fire and simulation snould be conducted. The methodology developec

in this study for tank gunnery and artillery battery training should

provide a valuable evaluation tool in this test process.

All military materiel systems are ever changing. Systems undergo a

number of product improvements over their useful life. Also training

processes and procedures are evolutionary - constantly in a state cf

change. Hence, the training ammunition allocation should be under constant

scrutiny to assure it dovetails with the training proceoure. Data on

ammunition uses and proficiency attained must be gatnered on a constant or

Deriodic oasis. The data utilizing the methodology aeveloped in this study

Nill Provide a justification for the live-fire ammunition requirement

-elated to readiness proficiency.

Tie military is constantly faced with budgetary constraints trat

4mpact on the amount of training ammunition availaole for troop use. Major

oa'iber ammunition, i.e.. artillery, tank and mortar, form a major;-t

train4ng ammunition budgetary requirements. Hence, trere is ccnstan:

pressure by DOD and Congress to reduce the requirements f.- the h 'n cost

ammunition items. Emphasis is placed on substituting sub-caler firings

and various other training devices in lieu of live firings using the ma :-

caliber weapon ammunition.

Field t-ainin- under simulated combat conditions offers a chalenge in

the de'elopment of training aids and techniques. Currently, trainino tech-

niques using new technology is undergoing dynamic development. The-e are

indications brought out in this study that an increase n weapons

proficiency is not proportional to ammunition expended. Hence. to: meet the
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continuing budget crunch, efforts must continue to seek non-economic means

of achieving combat proficiency with our weapons systems. It is essential

that we seek new non-live fire training techniques which, coupled with

required live-firing, will meet the individual and crew proficiency

requirements. Only in this manner can the battle of budget constraints be

successfully overcome. The methodology developed in this study will prove

a useful tool.

V. FINDINGS

The following summarizes the study findings resulting from The

research, survey and analysis:

1. General

Annual missions and deployments of USMC units are a major factor

Yhich should determine individual MAF element training programs, and

ammunition requirements and allocations.

Hard data on tank gunnery and indirect-fire battery performrdnce

are virtually non-existent. This lack of hard data resulted in the need to

use subjective questionnaires as a survey tool in this study.

The judgments of personnel surveyed showed considerable variance
_r absolute values of expected results. For example, estimates of -he

crews qualifying in one case varied from 40 to 85 percent. However, there
_s consistency in trends as reflected in the direction and slooe of curves.

Training ammunition expenditures for tank gunnery and artillery

"ive firings are not available on a battery/tank platoon basis. Hence. nc

:nrrelaticn between performance and expenditures could be made.

2. Tank Gunnery

The evident lack of consistency icentifies data cc~lection neecs.

-ata should be collected on the following for each tank crew and platoon:

(1) Qualified or not on first MCCRES test,

(2) Number of retests to qualify,

(3) Amount of full caliber ammo expended by test table,

(4) Amount of subcaliber ammo expended by table,
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training package are progressively and concurrently developed with the

materiel system. Training must be a major consideration in each phase of

development.

In regard to training ammunition requirements, the evaluation should

answer critical issues pertaining to the development of the optimum opera-

tional proficiency of individual and unit skill level in the most economic

manner. To develop these requirements troop unit tests which determine

acceptable proficiency versus the optimum combination of live and sub-

caliber fire and simulation snould be conducted. The methodology developec

in this study for tank gunnery and artillery battery training should

provide a valuable evaluation tool in this test process.

All military materiel systems are ever changing. Systems undergo a

number of product improvements over their useful life. Also training

processes and procedures are evolutionary - constantly in a state cf

change. Hence, the training ammunition allocation should be under constant

scrutiny to assure it dovetails with the training procedure. Data on

ammunition uses and proficiency attained must be gathered on a constant or

periodic basis. The data utilizing the methodology developed in this study

will provide a justification for the live-fire ammunition requirement

r-elated to readiness proficiency.

The military is constantly faced with budgetary constraints trat

impact on the amount of training ammunition available for troop use. Major

caliber ammunition, i.e., artillery, tank and mortar, form a majority of

training ammunition budgetary requirements. Hence, there is constant

pressure by DOD and Congress to reduce the requirements for the high cos:

ammunition items. Emphasis is placed on substituting sub-calier firings

and various other training devices in lieu of live firings using the major

caliber weapon ammunition.

Field training under simulated combat conditions offers a challenge in

the development of training aids and techniques. Currently, training tech-

niques using new technology is undergoing dynamic development. The-e are

indications brought out in this study that an increase in weapons

proficiency is not proportional to ammunition expended. Hence. to meet the
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(5) Proportion of simulation used in pre-table training (crews only.

(6) Crew longevity to reflect turbulence, and

(7) Platoon longevity to reflect turbulence.

The following concepts can be tested to determine the effects of

changes in ammunition allowances, both full and subca'liber:

(1) Reduce the ammunition allowance for selected crews and platoons.

Set aside the unused portion of each crew's and platoon's ncrmal

allowance. Design the test so that crews or platoons not

qualifying have access to the set-aside ammunition, either until

they qualify or until they have exhausted their normal alloca-

tion.

(2) Test the substitution of subcaliber for full caliber, repeating

tests until the crews/platoons involved in the test qualify.

(3) Vary pre-table use of simulation.

After the collection of hard data over a one-year period, the

methodology presented in Chapter III will permit more precise definition of

training ammunition requirements.

3. Indirect Fire Weapon Systems

Analysis of the questionnaires revealed:

(1) A great variation in judgmental MCCRES performance in relation to

days of live-fire/simulator training and rounds fired per day,

and

"2' Occasional judgmental contradictions within the same respcndents

questionnaire.

The effect of changes in training ammunition allowances is highly

uncertain.

The basis for structuring hard data collection is found in Our

proposed methodology. The indirect-fire methodology developed in ths

study requires as input (for each battery element and for the battery

overall):

(1) The MCCRES scoring, and for the prior year,

(2) The number of days of training,
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(3) The rounds expended per day (live-fire and subcaliber), and

(4) The personnel turnover.

The analysis provides a basis for testing to determine the

effects of ammunition use on proficiency. Since battery proficiency

depends a great deal upon the coordination of elements, testing must be

devised to elicit some measure of the effect of training the battery

together versus training the elements separately.

The updated procedures proposed in the methodology can be used to

determine ammunition allowances needed to achieve a specified average

battery proficiency, once testing has provided a relationship among:

(1) "Rate of learning" and rounds expended per day (both live-fire

and subcaliber) at the element level,

(2) The effects of turnover at the element level, and

(3) A measure of the increase in "coordination" (e.g., coordination

times) between elements as a function of mutual training.

4. Other Crew Served Weapons

High cost missile systems training ammunition expenditures are

very tightly controlled; hence these offer little opportunity for savings.

potential saving might be made by reducing the HAWK missile annual

training allocation per battery from 3 to 2.

Machine gun training ammunition, which has a low unit cost but

has a high expenditure rate, is not tightly controlled and its allocation

rate varies widely on a year to year basis. There appears to be nc valic

justification for this fluctuation in allocations.

5. Impact on Ammunition Training Allowances of Changes in Weapons,
Tactics, Doctrine and Budget Constraints

Emphasis must be placed on the concurrent development of systems

and their training procedures to include training ammunition allowance

beginning at the latest in the full scale development phase of the acqui-

sition process.

As weapon systems develop and mature, the training procedure

should be under constant review with the goal of optimizing crew perform-

ance and training costs.
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N. CONCLUSIONS AND RECOMMENDATIONS

I. Conclusions:

(1) The methodologies developed in this study provide a valid nasis

for determining tank and artillery ammuhition training allow-

ances. (Chapter III, Section B.4 and C.5 and 7)

(2) Specific changes in ammunition training allowances shoulc

commence on an experimental basis in FY84. (Chapter ITI,

Section B.4.c and C.7.h)

(3) There is a need to collect hard data on both direct and indirect

fire weapons systems; the basis for structuring this collection

ef:ort is identified in Chapter III. (Section B.4 and C.7)

(4) There is a need to introduce and refine a more definite and

responsive ammunition allowance management system. (Chapter II,

Section B.1, B.3, and C.3)

(5) Variable organizational allowance concepts should be tested

throughout the FMF in FY84 to determine the effects of changes in

ammunition allowances, both full and subcaliber. This should be

instituted in conjunction with directed increased use of other

training devices. (Chapter III, Section E)

i6) A logical alternative to the current annual allowance system is

an organizational basis of allowance vice a per weapon basis.
Further, annual organizational allowances could be develoceo in

conjunction with a quarterly allocation and expenditure report'ng

system. (Chapter III, Section E)

7) Transition to an organizational basis of allowance in conjunction

with adoption of the methodology presented in Chapter III would

provide a management system responsive to changes in weapons,

tactics, doctrine, force structure, and budget constraints.

(Chapter III, Section F)

2. Recommendations:

(1) That current allowances be sustained during FY83. (Chapter Il,

Section B.4.b and C.7.h)

1-33



(2) That, commencing with FY84, a system to collect hard data be
instituteu as defined in Chapter Il1. (Section B.4.c, and C.7)

(3) That, commencing with FY84, variable organizational allowance

concepts be tested throughout the FMF. Proposed FY84 allowances

for tank and M-198 artillery units are depicted in Chapter III,
Sections B and C, respectively.

(4) That the Marine Corps consider transition to an organizational

basis of allowance system for all FMF weapons systems. It is
further recommended that early transition to an organizational
allowance system be considered for M-198 artillery battalions, and

C Series infantry battalions. (Chapter III, Section E)
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CHAPTEk ::

INTRODUCTION

A. PROBLEY

The pu-pose of this study is to determine the ammun-tion expenc -,-e

necessary t3 attain and maintain requ red levels of proficiency. -

ances for t-aining ammunition are currently promulgated by a Marine ":-:s

Order publisned by the Deputy Chief of *aff fcr Installations ana Lo-s-

tics. These allowances have been basea )n a combinaticn of usace ca*a,

budget constraints, and numerous unvalidated requests from users. Ltt:e

consiceratio-i has been given to 'evels of sk i1 attainment, a8ternat.e

mears of training, or recognized standards of proficiency. The increas-nc

:osts of ammunition, sophistication of weapons systems, and training area

constraints require a more effective and efficient means to allocate :ra-

ino ammunit on. To establish that means, a measure of ammunition ec-e-cl-

ture cons4dering the above parameters and relative to sk"il attainment art

oroficiency, must be determined.

E. STUDY DBJECT7VES AND MODIFICATIONS

1. Ocjectives

The major objectives of this study effort are to:

"') Recommend Marine Corps ammunition tra nic allcoes oasec -r

,a) Attainment of required trainina standar-s for inc vioua

units (IAW aporopriate Marine Corps :ombat ;eA=cnes:

Evaluation System (MCCRES; volume).

z Maintenance of requ red training standaros -f rC4. -C

(IAW appropriate MCCRES volume).

(c) Attainment of required training stancards c tea-s.

batteries, etc. (iAW appropriate IC7RES vojme).
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(d) Maintenance of required training standards of commands (IA^

appropriate MCCRES volume).

(e) This study shall not address Battalion Staff or Regimenta"

Staff expenditure of training ammo requirements or M-16

training requirements.

(2) Recommend a method by which subcaliber and simulator training can

be assignea a quantitative value relative to the value of live-

Fire training.

(3) Recommend a methodology through which training allowances a-e

responsive to changes in weapons, tactics, doctrine and budget

constraints.

2. Modifications

In this study major emphasis has been placed on artillery anc

tank training ammunition requirements; they constitute the major annua"

training ammunition expense. However, the study does consioer the oilow-

ing other systems:

(I) Mortars: 81mm and 60mm,

(2) Anti-tank systems - TO and DRAGON,

3) Machine Gun, 7.62 mm M-E0 and .50 Caliber, HB fiexible. orcuno

mounted, and

4 Air Defense Systems - Improved HAWK and STINGERREDEYE.

This study modification was agreed to by the study sponsor a,=

orzect cicer.

FACTS BEARING ON THE PROBLEM

The USMC conducts progressive training -o attain and maintain :rof -I

ciency in crew-served weapon systems.

Training publications such as Technical Manuals (TMs), Fielc Manuals

(FMs), and Marine Corps Combat Readiness Evaluation System (MCCRES ;rc\ic,

guidance and weapons specific instructions for crew-served Yeapcn system-

training. However, commanders are authcrized flexibility in the corouct c-
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training to meet mission requirements, c 2straints of traing fac' -e:

and time, budget limitations, and unit readiness proficiency.

Crew-se-ved weapons trainino is intended to imcrove comoat rea-.oest

)f individual and weapons system teams to meet specific mitslon req -e -

nents and operational standards.

Current level of mission commnitme! ts including deployments an-

ing and readiness exercises will continu6. for the foreseeable future.

T
D. MAJOR ASSUMPTIONS

That the standards of proficiency in the Marine Corps C2=zat Reaciness

:valuation System (MCCRES) are va 'id.

Tnat the standard of proficiency to oe attained at Mar"ne

schools can ne providea.

Tnat the missicn of the Marine Corps, as ou:2ineo in the Marine cr s

Midrarae OCjective Plan (MMROP) wil remain sucstantiallv uratered.

E. STUD v FDCJS. LIMITATIONS. AND RATIONALE THEPEFORE

is stucv emphasizes crew-servec veapor systems tr.c atue

Fleet Ma-4ne Fcrce units. Reserve unit training -s nct consicerea.

Only currert weapons and simulators are consicerec. -ese 7c' ude:
tre lEmrr hoAtzer M-'98, the Y-&OA' tanK. fOmm Kr: weiort zomnary ncr-

tar, and the 8lmm mortar.
14crit) and emphasis is given tc e,,amining ,eapono s;,ster ' !!

mecluT costs and high volume ammunition requiremens art er,, mrtars.

ano tanks). Low priority is alven to examining weaocns systemns y4'-

cost and low vcume ammuniticn -ecurements TO'. DRA;CN, :E'E -

and i-HAWK).
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F. METHOD OF ANALYIS

1. General

To meet the objectives of the study, an analytical plan was deve-

loped which outlined the approach, the necessary tasks to be accomplishec.

and their sequencing which would be required for the development of the

methodologies for use in estimating ammunition training allowances. Te

metnoaoiogies would be based on proficiency levels and training/budgetar,,

tradeoffs rather than the historically based parametric approach to exper-

d~ture rates, and periodic unjustified requests.

2. Overview of Tasks

To accomplish the study, the tasks and their sequencing are illus-

c-ated in Figure 11-1.

3. Critical Issues

In the approach, the study group felt that the following crit:a'

issues to the study problem would be answered:

(Ij Have other studies been done that would contribute tc the study?

(2) Is there sufficient data available to conduct the study?

(3) Can the data be quantified and organized for analysis!

(4) is there an existing methodology for the analysis?

I1-4
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CHAPTER :
DISCUSSION

A. H TRAINING ENVIRONMENT

The Marine Corps' consistent ded-,ca-Licn to 'Ldninq reaai--ess

ieil Iknown and effecthvely enuncilated . a wide variety of cf-<F' - -

cations. Al so, as a Iorc e-in -readiner . -he Mari re Cc rps sus-.a -sa

operational tempo of peacetime activit-,u- These a ctlv4-ies ar-:-2_i

on a vorlId-A'ice basi s encompass ing alImost l clim1rati1c cc -- 4z c-s 3,

ra n variables. Therefore, it is useful tobrie'ly re,,,ew Mar-ne c:

peacetime commitments, operational teMDo. and force rosture -c c ar

sure a contextual picture of the Fleet Marine Force (FMF) r 'ce o-

innt. ih is rev iew will address the Grcunc Ccmbat 71eme : s of Thee

ocus of the study effort.

First it should be noted that the Marine Corps maintars aM,4-m_

t[vc forwarc deployed forces atac Marine Am :n4t e ' ius Ur , vL-'s

cont'nucus basis and is expected to be oaoanle c' -aPdlv er-nzarKz aMa-'

Ampnibious Brigade (MAB) level forces 4 amchibicus shi~cr ~c' easc

z e e' of forward deployed forces ac-^cat o o -. e:ss

adcit~zn. TT: MAF is forward dep',yed in Japanin rA E,'9s' o ""ao

include tne 31st MAU (deployed afloat). The f -,E nfa: _-a a rons

-ne 3r Marine 0 i~ision (-) are 'orwarocep ---c ---aa o

1)n as~s from rotation home bases lccA-ec in r e !St arc 2ro Ma

s Ions.

In addition to the basic conti*nuous oeploymero. commitmen-ts cs~

c-ve, the Marine Corps is committed:

(I1 T provid forces toc th e R aoa Dep' ome-o .Do n , Tas: . c

(RDJTF) including the 7th MAB reilatec '.o thie Nee, .er7 ~ec

tioning Shic concept,

(2) To provide ready Battal ion Lanc c- Tea7 trLT' a-e ''e

alert status related to both airlifted anaa:Kos o 'zn

cies. and

Ll-



(3) To conduct both amphibious and other major exercises on a -egular

basis in support of JCS and unilateral training clb ec ves.

The other major factors fundamental tc the training environment ire:

III Tke force basing posture.

(2) The availability/location of appropriate traini-g areas to

include live fire ranges, and

(3) The personnel turnover or turbulence generated by the high -pera-

tional tempo and unit rotation.

:n regard to the basing posture related to training areas and live

fire ranges, it should be noted that only at 29 Palms, CA, is there an

effective matcn of basing and training areas. A1 other basing posture-

zra'nino area combinations are a maze of mismatcnes. In rega-d to cerson-

ne' turnover, it should suffice to state that the cerishable nature of unit

:rainino in an environment of significant personnel turbulence makes unit

training readiness one of the most difficult problems facing 'cday's Marine

Coros.

The above review reveals nothing new to the intended readers and eva-

uators of this report. Rather, it serves as a reminder of the FMF training

environment in Ynich the study group attempted to form positive and produc-

tive :onclusins and recommendations.

B. T4NK GUNNERY

Introduc:ion

Tank gunnery is predominantly direct fire at a point target b

crew ooerating from within a single tank. A tank crew normally consists of

a commander, arier, gunner, and loader, who are cross-trained for all cre,

functions and operate as a single entity within a platoon of 5 tanks. The

crew observes and selects targets, delivers direct fire on the target.

observes strikes, adjusts fire and observes results. The live-firing por-

tion of the MCCRES for tank gunnery measures the proficiency of a crew to

attain a "hit" on moving and stationary targets at various ranges within

111-2
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prescribed time limits. LacK of availab 'ity of hard data from unit :-a'i-

ing records and administration of MCCRES tests required a data cc ecicr

effort which resulted in the development of questionnaires to be aamini-

stered by mail to selected USMC tank gunnery experts. The list of experts

was selected by the USMC by name and provided to the' contractor, wno estao-

lished direct contact with the recipierts.

The tank gunnery survey was iesigned for company commanoers and

battalion training officers calling for judgments from their experience In

conducting and evaluating tank crews p -iressing through gunnery training

to achieve and maintain proficiency. In irder to obtain subjective esti-

mates of the probable correlation between qualification scores and ammuni-

tion allocation, the questionnaire was structured to examine variations 4n

the amount of full caliber ammunition, sub-caliber and simulation substitu-

tion, tank crew experience and turbulence, training frequency and requali-

fication. The tank gunnery questionnaire was specifically structurea to

parallel the Army tank gunnery test program so that data resulting from the

tests can be applied to the tank gunnery methodology developed in this

study.

2. Tank Gunnery Survey

a. General Description

To determine the ammunition expenditure necessary to attain

and maintain required levels of proficiency in tank gunnery, a course of

action 4as adopted which utilized a questionnaire and personal intervies

procedure. This provided field data that permitted an analysis which :om-

pared the impact on training proficiency of the utilization of varying

amounts of full and sub-caliber training ammunition. To provide the field

data, a total of nine (9) USMC experienced trainers selected by the project

officer were surveyed utilizing a Questionnaire procedure.

b. Questionnaire Respondents Experience and Selection

Table 111-1 summarizes the experience of the respondents.

Officer personnel (8 officers) were in the grade of Lieutenant Colonel,

Major and Captain. All had served as platoon leaders and company comman-

ders of tank units. One had served as a battalion commander. Five (5) had

111-3
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served in combat in Vietnam with USMC tank units. All but one of :ne off -

cers had attended the USA Armored School at Fort Knox. The one cffIcer

(Lt. Colonel) who had not attended a course at Ft. Knox was the current

USMC Liaison Office at the Armored School.

The Gunnery Sergeant who completec the questionnaire ras

served approximately all of his military career in tank units (acti',e a-c

reserve). Currently, he is serving as Battalion Master Gunner. i. sum-

mary, these nine individuals are highly experienced USMK tankers.

c. The Questionnaire

1) General

The tank gunnery questionnaire is appenoed as Tao A-

to Annex A. The questionnaire solicits subjective judgments from t-e

respondents in the following aspects of tank gunnery training:

(1) Armor Operations and Training Experience,

(2) First Qualification Test Program,

(3) Requalification Test Program,

(4) Platoon Test Program,

(5) Effects of Turbulence of Crew and Platoon Performance, and

(6) Effects of Frequency on Crew and Platoon Performance.

2) Questionnaire Parameters

The questionnaire utilizes the tank gunnery tests cn.-

ca'nec in FM17-12 for the main gun. The live fire tables ut lized n z7e

qsesticnnaire were:

(1 Zero-Main gun,

(2) VI Static Tank - Static/Moving Targets,

(3) VII Tank Combat Course (Practice),

(4) VIII Tank Combat Course (Qualification), and

(5) IX Platoon Battle Run

The tank gunnery tests were utilized in determining subjective data C- t-e

qualification, requalification and platoon proficiency analysis n qn~c-

varying amounts of ammunition was used.

With full caliber ammunition and sub-caliber as var-

abies, three strategies were used with the amount of simulation increasec
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from 0 to 30 to 90 percent. In the platoon test the amount of sub- ana

Full caliber fire was varied. Proficiency factors utilized were:

Distinguished - 90 - 100%

Superior - 80 - 89%

Qualified - 70 - 79%

Unqualified - less than 70%

3) Training Devices

The training devices used in questionnaire included the

M-55 laser trainer, Brewster device, Telfare device, TXV, Perceptronics,

and Detras.

d. Administration of the Survey

The questionnaires were forwarded to each expert. Te pur-

pose was indicated and their subjective answers based on their military e -

perience to the questions posed qas solicited. The forwarding lette

stressed the belief that live rounds must be expended during training 4r

order to attain and maintain combat readiness. On the other hand. 4ith zne

Hcreased costs of training ammunition, it was believed to be essentia

that expenditures nad to be fully justified in attaining and main:ain-rg

-:'ssion required combat readiness. A limitation in this survey was
-ne size of the sample which was limited to nine (9) indivauals by

OMB Rule 5-CSR-1320.

e. General Remarks of Survey Resocndents

The general remarks of the tank gunnery survey resconcents

were as follows:

0 Lieutenant Colonel - 6 1.'2 years Armor experience

"Direct supervision as battalion CO of tank gunnery for 4C Mont -s
of tank crews, platoons and companies. Units fired establishec
gunnery tables both sub-caliber and service ammunition. Was
ARMVAL Test Force Commander. Used laser engagement, TV cameras
and hit sensors. Tank gunnery experience of a total c
80 months. Served also as Chief Evaluator for 2nd and 3rd TarN
Battalions annual qualification."

6 Major - 8 1/2 years Armor experience
'Answers to questionnaire are educated guesses, since little USMC
data available on USMC tank battalion qualificatior percentages.
USMC lacks gunnery ranges."
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0 Lieutenant Colonel 8 12 years Armor experience
"Estimates based on how LSMC trains - Cnce a vear sencs crews tc
an Army range to fire unfam' Iar table,. Crews have a nard t-me
staying together. Ammunition requirement shouo be based on -ar-
ges to be used. Has never seen a olatcor particioate r
Table IX exercise. Ranges are not adequate for Tble IX."

0 Major - 7 years Armor experience
"Have been involved in tank gunnery traning ir M-48A3
M-6OA]. Trained at Camp Pendleton. 29 Palms, Okinawa, ana Samr
Fuji. I consid-r myself an exper-encec tanK cf;cer.'

a Lieutenant Colonel - 4 years Armor exper-ence
"Combat experience as a company CC. 1'aned at Camr _eJeune and
participated in gunnery training at o-t Stewart.

* Caotain - 4 years Armor experience
'Platoon leader in Oknawa. TanK gu-re- trnere oas severely 1 m-
ited. Spent two months at amp il. :t not eith tank platocn.
However, dic obse-ie gun7nery. Stationed at 29 Palms curing
activation 3rd Tank Eattalion. was comany commanaer ana
executive oflicer for five months, but due to non-avai'ability of
tanks little gunner> was =inducted."

0 a3 n - 3 4 sears Armor e~perience
"As a : atoc- 'eacer concucted all onatoon cunnery, cualif ca-
tions. 's a comcany 7zmmande- conducted gunnery training
TaD'e 1-1V ana VI: 'c IX."

* Ma-or - 9 years Ar7 :e-ence
"Ma ntaineo sc- c s ..... tanks ana observed/partioipated -n
a large port r c-' off cer e-" stez crew tr ing. As the 171

tank section :ar,-z ia-an planned/conducted gunnery tra'-i-c
for ELT platccns as tnev r:A t e-z through.

3. Results of the SOr~ev

a. Effects of Ammunition Lse on Cualii;cation

' Total Ammunition Allocation

Typical data are snown from tre sur,e) ,r ci:ure

:or the percentage of crews qualified as a functcn of tne number of

)f full caliber ammunition fired annually. The total numoer qual~ec

includes the tnree categories of qualifiea. sjperior, ano ais-inouis-ec.

,he figure demonstrates the wide spread of estimates obtained from tne

esponcents to the survey. At the normal allocation of 162 rounds ce-

year. the estimates of the proportion of crews qualifying varies form 5' to
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91 percent. The estimates also vary considerably in terms c- the cnarge in

the proportion of crews qualified as the ammunition allocation 4s -edce.o

to a low value of 54 rounds per year from the nominal value of 162 rctrds.

-he minimum estimated change is 5 percent at the minimal allocation. -cr

90 to 85 percent at 54 rounds. The maximum estimated change is 30 pe-ce-t.

dropping from 50 percent at the normal allocation to 2C perze-. -

54 rounds. Figure 111-2 summarizes the data contained in Figure :1-.

showing the mean, the maximum, the minimum and the stanaard deiat'cns at

each ammunition allocation. The large values of the stanaard ceviatien

emphasize the large spread of estimates. in addition to the variation

shown, the respondents indicated that there is a plus or minis 5 to

10 percent uncertainty in their estimates.

The proportion of crews in each qualification category

is shown in Figure 111-3. Individual lines in the figure represent the

estimates of each respondent for the case of a normal full caliber ammuni-

tion allocation. It is assumed that the average uncualiiec score 's

65 percent of the maximum score. The minimum, maximum, and mean values o

tie proportion of crews in each qualification category are shown in F C-

ure 111-4. The total mean score for that case is 76.08.

The mean scores were computed for each fu "  :ab e

ammunition a"1ocaticn case for crews undergoing their first cua 1"CatCIrI

and those in a subsequent annual qualification. As shown in Hic' e -

fcr bctn cases, there is little variation in the mean score as the ammjr-

.,on Is varied from one-third the normal al1 ocat-or to 2 times tre -c, r

ral allocation. If the ammunition allocation were reduced -c one-tn'ro -I

:ne current amount, the mean estimate indicates a reduction of 'cur perzen-

tage points in the percent of maximum score. Increasing the ammunit'or

alocation to 1 1/2 times the normal would be expectec to increase scores

by only one percentage point. As would be expected, the results 3h o an

eszimate that crews returning for subsequent annual quaiifications cu'c

score consistently higher. The amount of increase is about three perzen-

tage points.
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It is obvicus from the data presented in Figure I-'

that there is no concensus on the current scores achieved by tank crews.

Furthermore, even if the mean score for the normal allocation of ammunitico

were to be determined accurately, there still remains uncertainty as to c6

scores would change with a change n ammunition allocation. To gain some

understanding of how large the uncertainty might be, the data from Fig-

ure :11-i were examined to find the indiv'cual estimating the creates:

chance in score in response to a change in ammunition. The change in score

that an individual predicts for a change in ammunition was then comparec

against the mean values of the estimates. The result is shown. in

Ficure 111-6. The worst case differs from the mean by only five percentage

points when the ammunition allocati n is reduced from the current acloca-

tion to one-third of the current level. This shows more consistence amon:

tne -espondents in estimating the effects of charging ammunition than -7,

estimating the proportion who qualify for any given amount of ammunition.

2) Suostitution of Sub-caliber

The effect of substituting sub-caliber for full oa:-:e

ammunition and of using various amounts of simulation in the ore-:ar'e
training are shown in Figure 111-7. These results also snow little sensi-

tivity cf crew score to chances in the amount of full caliber ammunitor.

There is a drop of only three percentage ocints in te crew scores vne-

Tables VI and V1I are fired with only sub-caliber ammunition. T-e oa-,u-
a"sc show that crews returning for subsequent annual quaiifca:ion a-e

exoected to score four to five points higher than crews takino the cua;',.-

ing test for the first time. This effect is much greater than the use

simulation in the pre-table training. The maximum individual estimate o'

the impact of using sub-caliber ammunition - shown in Figu-e -E.

shows a five percentage point drop in score with the use of su:-Calibe.-

ammunition in Tables VI and VII.

3) Platoon Effects of Total Allocation and Sub-cal'oer
Substitution

The effects of reducing full caliber ammunition alloca-

tions or of substituting sub-caliber for full caliber are shown for tark

patoons in Figure 111-9. As with the crew results, there is on,> a smai"

II I-I1
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effect of either changing the allocation of full caliber ammunition or of

substituting sub-caliber.

4) Turbulence Effects

Effects of turbulence are shown in Figure 1iI-10 for

crews and in Figure IIl-1l for platoons. The effects are significant in
both cases. Crew turbulence is estimated to produce a change of 9 percent
in the mean score. This corresponds to a mean change of 27 expectec t,

qualify when three or four of the crew change, as shown in the surge,
results (see Figure A-10 in Appendix A). Platoon turbulence is estimateG

to produce a 7 percent change in the mean score when five new crews are

present in the platoon. Hard data are needed to identify more Drecise

the effects of both crew and platoon turbulence, but it is evident that

can be and most likely is an important factor in performance.

5) Freauency of Training

The effects of frequency of training are shown -

Figure iii-12 for crews and Figure 11-13 for platoons. The results -or

botn crews and platoons are very similar. The mean score for eacn oz

expected to drop by about one percent per month when there is no traininc.

6) Conclusion
The major result of the data obtained from tne survey

is that sharp reductions in ammunition appear to be cossible. Collectior

of training oata is needed to verify these conclusions and to identify sce-

cific reductions. Procedures to collect and analyze the needed data e-e

described in Paragraph III-C4, Methodology.

b. Effects of Allocation on Total Ammunition Use
A major concern of the current study is the degree to wKrcr

changes in the allocation of ammunition will effect tot-l Ma-ime Ccrcs

training ammunition requirements. The usual approach in changing anmu- -

tion allocation is to chance the amount given to each crew or piatoor r
no variation across the board except for differences in mission or current

status. With this approach, a decrease in the allocation of ammunition Zar
be expected to produce a small decrease in the numbe- qualified. 4
slightly different approach is possible, however. It is inferred in re
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suggestion in the Army Field Manual FM17-12 that crews or platoons not
qualifying be allowed to reshoot until they achieve the necessary profici-

ency. This would suggest that the ammunition allowance might be reduced in

general, but that those crews or platoons not qualifying be issued an

additional allocation until they do qualify. It i's not immediately clear
whether this would result in a net saving of ammunition or not. An

analysis was conducted to see if there are potential savings to be found in
that approach.

The idea of reducing ammunition allocations and then provid-

ing additional ammunition for unqualified crews to continue shooting until

they do qualify was analyzed in the following sequence of steps:
(1) Since there are no hard data to identify accurately the propor-

tion of crews qualifying under the current or normal ammunition

allocations a nominal point had to be picked for analysis. It

was assumed that the mean value of the proportion of crews cua"i-

fying under the normal allocation is representative of the cur-

rent situation.

(2) Each of the questionnaire responses was normalized to the mean

value selected in Step 1. As a result, each respc.-ent's curve

on the estimated proportion of crews qualifying for various ammu-

nition allocations passed through the mean value point as shown

in Figure 111-14.

(3) The maximum, minimum and mean values of the proportions of crews

qualifying under different conditions was determined, as shown in
Figure 111-15. It is assumed that the qualifying crews firea

only their allocation of ammunition. It was assumed that the

crews not qualifying with the original allocation would shoot the

average number of times indicated from the survey. (The surve.

included a question on how many reshoots would be typically

required for a crew that did not qualify the first time.)

The sequence of events followed on this training concept and

the numbers assumed to represent the amount of ammunition are shown in
Figure 111-16. The resulting use of ammunition is shown in Figure 111-17.
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The effect of reducing the initial allocation and allowing those not quali-

fying to reshoot is to reduce the total amount of ammunition for training

when the initial allocation is as low as 1/3 of what is currently provided.

The effect on the Marine Corps budget of reductions on the

s'ze of those shown in Figure 111-17 would be significant. If all 210 tank

crews were to fire the ammunition allocations suggested in TC 25-3, the

cost would be $7.3 million dollars per year. Going to one-third of the

current allocation would reduce the expenditure of ammunition by 55 percent

for a savings of $4.0 million.

The possible explanation for the result of Figure 111-17 is

shown in Figure 111-18. Apparently, crews qualify before they fire their

tctal allocation. The remaining ammunition does not contribute to their

qualification, although, it may raise their proficency. If the initial

allocation of ammunition is reduced, many crews will achieve qualification

without firing the full current, or nominal allocation. The unused differ-

ence between the reduced and the nominal allocation is available to be used

by crews that do not qualify and need additional training. In fact, the

net result is that the unused ammunition is more than enough to provide

reshoot capability to the unqualified crews. Therefore, there is a net

saving in total ammunition. This result is achieved assuming each reshoot

uses the same amount of ammunition as the initial attempt. FMI7-12

suggests using less ammunition for reshooting. That might further reduce

:ne total amount needed.

Before these analytical results can be treated as truly in-

dicative of the performance of Marine Corps crews and the requirement for

ammunition, more data are needed. The data that needs to be collected are

described in the following paragraph on methodology. It may also be noted

that the concept of reducing the initial allocation of training ammunition

to each crew or platoon and then providing additional ammunition to those

that do not qualify can work only if crews and platoons have access to

ranges to reshoot as often as needed. The approach is offered as a sugges-

tion to the Marine Corps to be examined in greater detail when additional
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data become available on the relation between proficiency and the use of

ammunition.

4. Training Ammunition Allocation Methodology

a. Basic Requirements

The subjective data obtained from the survey is not

consistent nor sufficiently conclusive to derive reasonable ammunition

allocation decisions from the results. Gunnery training performance

records are inadequate for MCCRES below battalion level, so there are no

hard data providing in'formation on crew or platoon performance.

Furthermore, there are no adequate learning theory models to

support decisions on ammunition allocation. Learning theory provides some

support to use a curve of the general shape shown in Figure 111-19. The

lack of solid research for the cases we are examining means that you could

select almost any arbitrary shape provided it has the general characteris-

tics shown in the figure.

From our general review of the literature and the survey

results, it is essential that hard data be obtained directly from US Marine

Corps training activities. The following section describes an approach

,qhich will provide for the collection, compilation, and analysis of the

needed data.

b. Approach

The following steps are required to obtain usable guide' ies

f~- the allocation of training ammunition:

(1) Specify and enforce clear standards for tank firing training.

Currently the Marine Corps is suppcsed to be using the standaras

specified in the US Army Field Manual (FM) 17-12. Standarcs mere

directly suitea to the Marine Corps may be developed. However.

it is more important that a set of standards be usec consistent,

now than to spend time developing a new set and delay the -c',ec-

tion the needed hard data. Therefore, immediate enforcement

of the use of FM 17-12 is recommended. If the Marine Corps does

develop new standards tailored more to its own needs they can be

introduced later.
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Sp

A

KEY
Sp = Proficiency score as percentage of maximum score

= Ammunition used

Figuer 111-19. Relation Between Proficiency and Ammunition Use
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(2) Hard cata must be collected from the Marine Corps training pro-

gram on the performance of tanK crews and platoons against the

stancards. It is necessary to obtain training results for di-

ferant amounts of ammunition usea. Two alternatives are sug-

gested in the next subsection of this chapter ranging from a

rigidly structured test to the use of results as they can be

ooained from the current Marine Corps training program. The

tve of data tnat need to be coiiectea and the forms to use

-he collection process are described later in this chapter.

(3) Mathematical models will be used tc obtain least square estimates

of the proficiency of crews and platoons as a function of the

amcunt of ammunition used. The equations are oescribed late- 4n

tnis chapter but basically consist of an exponential formula fc-

proficiency of crews and platoons as a function o' the amount of

ammun'tion used. Linear or quadratic forms are proposed for the

relat onships between the use of simulation cr subcalioer anc

proficiency, and the effect of turbulence on proficiency.
, The selection of the amount of simula.on and subcaliber to use

wi!' De a function of the cost of each and the pract'cal numoer

of times they can be used b crews an: platoons. The procecure

lCr aetermining the amount of simulation and subca'iber to use

wilt also be desc-ibed later in the chapter.

c. Data Ccllection

7"e data collect'on and analysis are intended to ne:;

determine the following:

I') The effect of tne variation of full caliber ammunition ailcca-

tions on crew and platoon performance;

,2; The effect of the uoe of simulation and sub-caiiber ammunition as

a substitute for full caliber;

(3) The effect of training profiles and mission requirements; and

(4) The effect of turbulence.

The training profile and mission requirements vary con-

siderably for different units in the Marine Corps. The training profiie
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differs from unit to unit depending on the availability of ranges for "ive

firing, the availability of simulation, and the time available for

training. Mission requirements vary considerably for individual units.

Some are in a pre-deployment status, others are afloat or stationed in

Okinawa or Hawaii, and others are in a post-deployment status after

returning to their original units.\The number and type of training events

that take place throughout the year will be considerably different for each

of these units. A description is needed of the sequence of training evenis

if the analysis is going to be able to isolate effects due primarily to

ammunition usage.

There are two principal options for obtaining the hare data

on crew and platoon performance.

(I) A structured test in which the amounts of ammunition used by each

crew and each platoon are rigidly controlled according to a test

plan.

(2) The use of available data from the current training program.

This last approach assumes that there is enough variation in tne

use of ammunition under current procedures to provide usefi"

information for the analysis.

In developing a structured test there are three majcr

factors to be reflected in the allocation of ammunition:

(1) The amount of full caliber ammunition given to each crew and pla-

toon, and the amount of sub-caliber ammunition substituted 'cr

full caliber.

(2) The amount of pre-table simulation and the type of simulator.

(3) The organization and mission of each crew and platoon.

Each combination of full caliber, full-caliber/sub-caliber mix, amount 7f

simulation, and organizational and mission requirement represents a test

element. The assignment of platoons to each test element is a function of

its organization and mission. The Marine Corps therefore, will have to make

the final allocation. A typical test allocation is suggested in Fig-

ure 111-20.
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ALL MAJOR FACTORS INFLUENCING PROFICIENCY MUST BE INCLUDED

Number Number Ammunition Pre-Table Organization/Mission
of of Allocation Simulation
Platoons Tanks (%)

1 7** Nominal 0 1 TNK Bn

1 7** .. 3 TNK Bn

1 7* 2 TNK Bn/Pre-deployment

1 7* 2 TNK Bn/Post-deployment

1 7* .. Hawaii/Pre-deployment

1 5 .. Okinawa

1 7* Nominal 90 1 TNK Bn

1 5 3 TNK Bn

1 7* 2 TNK Bn/Pre-deployment

1 5 2 TNK Bn/Post-deployment

1 5 Hawaii/Predeployment

1 7* Okinawa

1 7* 2/3 Full-cal. 0 1 TNK Bn

1 7* 1] 3 TNK Bn

1 7* "." 2 TNK Bn/Pre-deployment

1 7** .. 2 TNK Bn/Post-deployment

1 5 It Hawaii/Post-deployment

1 5 .. Okinawa

1 5 2/3 Full-cal. 90 1 TNK Bn

1 7* to 3 TNK Bn

1 5 3 TNK Bn

1 5 2 TNK Bn/Pre-deployment

1 5 2 TNK Bn/Post-deployment

1 5 Okinawa

1 5 1/3 Full-cal. 0 3 TNK BN

1 7* " " 2 TNK Bn/Pre-deployment

1 5 " 2 TNK Bn/Post-deployment

1 5 1 TNK Bn

Figure 111-20. Tank Test Organization
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ALL MAJOR FACTORS INFLUENCING PROFICIENCY MUST BE INCLUDED

Number Number Ammunition Pre-Table Organization/Mission
of of Allocation Simulation
Platoons Tanks (%)

1 5 lTNK Bn

1 5 1 " lTNK Bn

1 7* Okinawa

1 7* 1/3 Full-cal. 90 1 TNK Bn

1 5 It l TNK Bn

1 5 2 TNK Bn/Pre-deployment

1 5 2 TNK Bn/Post-deplcyment

1 5 . Okinawa

*Includes two company command element tanks

"*Includes two battalion command element tanks

Figure 111-20. Tank Test Organization (Continued)
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The recommended assignment of platoons to each test elerr t

assumes 36 platoons in the Marine Corps. The control group for the test is

represented by the 6 platoons allocated a normal amount of ammunition with

zero simulation. One platoon is selected from each of the organization/

mission combinations. The five remaining groups vary the ammunition

allocation and the amount of simulation. Each platoon in each group repre-

sents one of the six organization/mission combinations.

Whether using a structured test or current training

program, an example of the platoon reporting form shown in Figure 111-21

which is proposed to gather information on each of the five tank crews in

the platoon. These forms can be collected quarterly by each battalion S-.-

and forwarded to the Marine Corps Development and Education Center at

Quantico.

d. Analysis

1) Regression Analysis Methodology

Standard least squares regression methods such as founc

in Statistical Package for the Social Sciences (SPSS) and other commercial

statistical computer programs, should be used to determine proficiency as a

function of full caliber ammumition use, and the effects of substituting

subcaliber or using simulation. It is recommended that the following equa-

tion be used to represent proficiency as a function of full caliber ammuni-

tion use:

Sp = 100 (1 - e KFF)

where Sp = proficiency score as a percentage of the maximum score (from

column 3 of data form, Figure I1-21a)

F = annual use of full caliber ammunition (from column 4 of data

form)

KF = constant

Other forms can be used tc represent the shape of the

curve in Figure 111-19. The final selection depends on the familiarity of

the analyst with particular forms, and the regression computer package

available. This discussion assumes the exponent-al form given above.
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The result of the reqression analysis will be the

determination of a value for KF and a curve relating Sp to F as shown in

Figure 111-22. That curve provides the basic information on the amount of

ammunition needed to achieve a selected mean score.

2) Simulation and Subcaliber Substitution

The next step in the analysis is to determine how much

simulation and subcaliber ammunition should be used. First, consider the

use of subcaliber ammunition.

Using data collected on the form in Figure 111-21, the

scores associated with the use of subcaliber should be processed in a least

squares regression to obtain a curve of the type shown in Figure 111-23. A

auadratic equation form is probably the most realistic:

Sp = Spo (1 - KSC2 (SC)2)
where Spo = score for all full caliber ammunition of amount Fo

SC = amount of subcaliber ammunition

KSC2 = constant

It may be appropriate to try a least squares fit on a

linear function of the form:

Spo (I - KSCI(SC))

This option should be examined by the analyst when hard data are available.

When a tcrm has been selected and a curve determined by

regression, the next step is to determine how much subcaliber is required

to sut-titute for a given amount of full caliber. Until hard data are

available it is reasonable to assume that the amount of subcaliber ammuni-

tion to substitute for each round of full caliber will increase as the

proccrtion of subcaliber in the training ammunition allocation increases.

That is, as you rely more and more on subcaliber ammunition for training.

its deficiencies become more apnarent and you have to substitute more

subcaliber rounds for each full caliber round to keep the same oroficiency.

Assume a particular proficiency score Spo , is selectec

as desired mean proficiency level. Then, Figure 111-22 shows there is a

requirement for Fo rounds of full caliber ammunition. Now you want to find

out how much subcaliber you can substitute for full caliber and still have
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Figure 111-22. Least-Squares Fit of Proficiency Curve to Data

111-37

ALa



Sp'

Sp0

ScI

Sp

2
Spo (I -KSC (SC)

0

1.0

Sc
(proportion of total ammunition used)

Figure 111-23. Effect of Subcaliber Use on Proficiency
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a score of Spo. You need a new curve as shown in Figure 111-24 fcr 'he

amount of subcaliber as a function of the amount of full caliber. At F = ,

you have no substitution. At F = 0 you have all subcaliber. From Fig-

ure 111-23, this implies a drop in score to Spo - SSC 1 . If we assume tre

shape of the curve in Figure 111-23 is the same regardless of the value of

Spo, then we can obtain an estimate of how much subcalioer is needea zo

maintain Spo as follows:

(1) Compute Sp' = Spo + SSC 1

(2) From Figure 111-22 find F' corresponding to Sp'

F' is the amount of full caliber ammunition such that, when you substitute

all subcaliber, you drop back to a score of Spo . That is , F is the nu7De-

of subcaliber rounds that will give a score of SpO . By repeating this :rz-

cess for different proportions of subcaliber you will get a curve like tre

one shown in Figure 111-24.

Since subcaliber is cheaper than full caliber, it :s

aesirable from a cost standpoint to use as much as possible. Two prcbems

arise, however. One is that at some point the score may never be achieved

without some full caliber. The other is that so much subcaliber firing ma)

be needed as a substitute for eacn full caliber rouno that it takes to:

long to train with subcaliber. Both problems may impose limits as snown

Figure 111-24. The final decision on the level of substitution wi'l ne a

matter of judgment until more is known from hard data.

The effect of pre-table sumulation should be treated

the same manner, but using pre-table ammunition amcunts. The oiffere7)ce

that cost is a factor in simulation. Tne cost o the simulator is fixea, sc

per-use cost declines as use increases. There wil' be a curve as shown

Figure 111-25 showing the substitution ol simulation for :re-table tra-

ing. At a certain level of use, SIMC, and above. tnhe simulator cost -s

lower than ammunition use. Time required on the simulator ana traii .ro

effectiveness limits may also be contrained as shown in Figure TIi-25. Tre

analyst will have to determine this for each type of simulation.

The same approach would be taken in analyzing simula-

tion as a substilute for table firings.
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Practical limit on effectiveness

I Note: Curve is for a given Sp,)

Time Constraint

Sc

0 FO
F

Figure 111-24. Amount of Subcaliber to Substitute for Full
Caliber at a Given Score
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3) Turbulence

The effects of turbulence can be represented as a Qlot

cf scores against a turbulence measure defined as follows:

4

Tc =7 mi

where

Tc = crew turbulence measure

mi = months member i has been with the crew prior to test, but

not more than the number of months since the crew was last

tested.

5

j=i

where

Tp = platoon turbulence measure

mj = months crew j has been with the platoon prior to the test,

but not more than the numner of months since the platocn was

last tested.

If all four creN members have been together since the

last test, one year prior to the current test,

Tc = 12 + 12 + 12 + 12 
= 48

If one r:ew member joined the crew two months prior to

the current test,

Tc = 12 + 12 + 12 + 2 38

111-42



As turbulence increases, i.e., more crew members or crews in a piatcz r ,,e

been with their crew or platoon for only a few mcnths. the value of T

Tp decreases. The concept is shown in Figure 111-26.

The shape of the scores as functions :f Tc and T0 cu::

be linear or non-linear. The linear form vculd be:

STc = STc o + kTcTc

STp = STp o + kTpTp

where STc = score as a function of Tc

STp = score as a function of Tp

STc o , STp o , kTc, and kT. are constants

Non-linear forms will have to be determined by :ne analyst based on tne

data plots. They could be quacratic or exponential. Figure ii I-2 shews

linear example for crew turbulence, and a non- "near exam-le fo- ;>ator

turbulence.

e. Summation of Methodology

In summary, the following steps are t3 be ta er "

co'lecting and analyz'ng data on ammunition a"Iocaion:

(1) Data wil be collected on h e crms or igu-e c-2 , a

terly basis for all USMC tank P aocns.

(2) The data for ai-fuil-calier trainir- - l ze zrocesse: -

"east squares routne to .oota '-ofio-rc, ores frC-:

platoons as a function cf fu, ca ier a mu-ton. . cuo -

-esults of the type shown in Figure 111-22.

3) Data fCr training ,,itn simula:: - ari suoca i: e a- mu ..

oe processed to produce least-soua-es cur,.es of nie tjce : .

Figure 111-23.

(4) Sibstitution requirements of s ooai :e- ana s~mulatlc~r'" 7

determined as described earlier. res'itiro , rves treo",e

-'own ir Figure 111-24 and 111-5.
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Sip

6

Tc

a) Hypothetical Linear curve Fit for Crew Turbulence

NOTE: Both Tc and Tp
could be either I 'near or
non-linear

Sp

Tp

b) Hypothetical Non-linear curve Fit for Platoon Turbulence

Figure 111-27. Turbulence Effects
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(5) Combinations of full caliber, subcaliber and simulation will be
determined as described earlier, using the results of the type

shown in Figures 111-21, 111-24 and 111-25.

(6) Data collection will continue to monitor the effects of using the

allocations determined in step (5).

f. Revised Allocation

When the data have been analyzed, a desired proficiency

selected, and the associated ammunition allocation determined, the Marine

Corps must still determine which units will receive the selected alloca-

tion, and which might still be involved in testing different allocations.

During the three-year period of the recommended test program, it is

expected that continuing uncertainty in different aspects cf the training

i4u11 require continued testing of variations from the selected normal

allocations tc obtain better data. I is also expected that the normal

allocation will vary by mission and oradnizat on requirements. The

specific procedures for determiring the allocation -il' have to e

developed after the initial set of data are collected and analyzed.

However, as a starting point and subject to verification through the test

program, a Proposed Tank Ammuniticr Allowance, MCD P8011. for FY84 is a:

Table TIi-2.
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TABLE 111-2. PROPOSED TANK AMMUNITION ALLOWANCES IN MCO P8011 FORMAT

j. 105 mm Tank, M6OAl

CURRENT RECOMMENDED APPLICABLE
DODIC ITEM ALLOWANCE/BASIS ALLOWANCE/BASIS UNITS

C508 HEAT-T 34/Wpn a. 325 Per Plt a. One third of
b. 216 Per Pit all Pits as
c. 108 Per Pit designated oy
d. 1,296 Requalification USMC

Reserve (108 rds per b. One third of
plt) all Pits as

designated by
USMC

c. One third of
all Pits as
designated by
USMC

d. Requal PIts ifrec.
C520 TPDS-T 91/Wpn a. 470 Per Plt a. One third of

b. 313 Per Plt all Plts as
c. 157 Per Plt designated by
d. 1,884 Requal Reserve b. One third of ali

Plts as designatec
by USMC

c. One third of all
Pits as designated
by USMC

d. Requalpltsifrec.
C510 TP-T 46/Wpn a. 15 Per Plt a. One Third of

b. 10 Per Pit all Pits as
c. 5 Per Pit designated nyLSMC

t. Or.e thiro cfa
Pits as desionates

by USMC
c. One third of a!"

Flts des~gnatec
oy USMC

NOTES:

1. Allowances in subcategory "a" are based on anaiytic nomi-na.
Subcategories "b" and "c" reflect 2/3s and 1/3 of the Nominal aiiocati:ns.
The reserve allowance permits requalification of up to 100% of the Fits a:
the lower allocation level.

2. These allocations are exclusively designed for crew/platoon proficiency
and therefore do not include special allowances for other purposes such as
combined arms exercises, demonstrations, etc.
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C. INDIRECT FIRE

1. The Nature, Components and Functioning of the Indirect Fire
Weapon System

For purposes of this discussion, an Indirect Fire Weapon System

is one which is capable of effectively engaging a target other than by

sighting the weapon directly at the target. Artillery is the most repre-

sentative category of the Indirect Fire Weapon System.

The mission of the artillery is to provide effective fire in sup-

port of the maneuver forces on the battlefield. The artillery must be cap-

able of surviving the enemy threat and providing responsive and accurate

fires at the time and place required. It is a major component of the air,

ground, and naval gun supporting arms team.

Marine Corps artillery is organized into regiments, battalions

and batteries. Of these battery is the most appropriate level to consider

for the purposes of this study. While the battery is organized to De-fcrm

a variety of functions, (operations, administrative, logistic, security.

etc.) this study effort is directed to the operational functions which dir-

ectly involve the acquisition and engagement of targets.

a. Functioning of Artillery and Its Impact on this Study

Training, in a broad sense, affects all battery functions,

and contributes to the overall proficiency of the unit. In establishing

measures of proficiency, this study addresses itself to those operational

functicns which are 'gunnery" or "marksmanship" oriented. In this context.

the battery has three basic elements:

(1) The Forward Observer/Team, the target acquisition agent,

(2) The Fire Direction Center, or control agent, and

(3) The firing battery, its headquarters, and the howitzer sections

which provide the weapon delivery capability.

These three elements comprise an Indirect Fire Weapon System.

Indirect Fire Weapon System inherently presents a much more

complex gunnery or marksmanship problem than that experienced by a Direct

-, Fire Weapon System. In the Indirect Fire Weapon System, the acquisition

element can "see" or acquire the target but cannot directly exercise the

111-48__ *g



weapon delivery system. The weapon delivery element can deliver the -ee:

on the target, but cannot "see" the target and does not know the location

either of the target or of the acquisition element. The third element, :ne

Fire Direction element, usually cannot see either the target or the accui-

sition element, and frequently cannot see the weapon celivery element.

Thus, the Indirect Fire Weapon System not only presents a difficult gunnery

problem, it presents an exceptional challenge to an. methooology which

attempts to measure how well this gunnery team pe-forms.

The battery gunnery team functions in the fciowing

idealized manner. The Forward Observer (FO) aetects and determines the lo-

cation of appropriate indirect fire targets witnin his zone of observation.

In order to initiate action to engage :ne target, the F^ t-ansmits a

request for fire to the Fire Direction Cen-er (FDC). If te mission is

approved, the FO will adjust the f're onto *he target. when -equirec. ina

will provide surveillance and evaluation of the effects cf fire on the tar-

.et. The F0C receives the request for fire '-cm the FO. From the tata

orovided in the FO request, the FDC olots tne target locatio, lmanua&7", c-

oy FADAC), and determines the chart and firing oata. This data is conver-

tee into fire commands for the firing battery. The firing battpry receives

the fire commands, and executes the mission ny tne howitzers -irinc t-e

appropriate a2ta.

b. Ingredients of Batter Performance

In order to effecti.e1i oerfcrm i's Tissicn, n he bae-.

must be caoat e not on y of firing in an 3c:_ra~e Tanner, Out also : 'e--

forming "on demand." 't must be resocnsive Lo:h witn respect to the neecs

of the supported unit and to the nature of :he target unaer engagement.

Timeliness an a'curacy become, then, the two Oominant measures of how Ae'"

or how poorly the battery performs.

How well the battery performs is dependent upon: A, tre

proficiency level of each of the three (3 elements of the battery -he

Forward Observer, the Fire Direct'on Center, and the howitzer sections

(also called the Gun Crews)), and t', the battery's ability to effectieiy
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coordinate the activities of these three elements. In turn, the pro-

ficiency level of each element depends upon: a) the individual proficiency

of each member of the section in performing his assigned task in the firing

operation, ard b) the ability of the element personnel to perform in

conjunction with each other so that the element function (FO, or FDC, or

GC) is accomplished in an accurate and responsive manner.

One can begin to see the complexity involved in measuring
the performance of a battery in terms of accuracy and time. The battery

can fail to perform to the required standards of accuracy and time under

any of the following conditions:

(1) All three sections could be highly proficient but their activi-

ties with respect to each other (inter section) could be

improperly coordinated, and hence unresponsive.

(2) All three sections could be very effectively coordinated, but the

proficiency of one or more sections is such that it causes the

battery to fail to meet either the accuracy or time criteria.

The errant section may not be capable of performing to the

required degree of accuracy, or more likely, it can satisfy the

accuracy criteria, but not within the designated time criteria.

(3) Individual FO, FDC, and howitzer sections can perform to the

required degree of accuracy, and can do this within the requirec

time parameters, but cannot perform this function "on demand",

that is, in the proper sequence and timed with other batter\

firing functions. The result is the same: at the battery level,

the battery fails to meet the proficiency standards.

c. The Role of Procedural Skills and Judgment
In Battery Performance

The effectiveness of the application of artillery fire is

heavily dependent on the skill and zoordination of the battery and its ele-

ments. The skills involved vary from section to section, but in general,

they can be said to be heavily procedurally oriented.
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The FDC is the most procedurally oriented of the sectior'.

For any given type of mission, there is a welI defined procedure or seQuer-

tial steps that are followed by each member of the FDC team. These proce-

dures are frequently complex and involved. To be proficient, the FDC me7-

bers not only must know the procedures and be able' to perform them to ote

required degree of accuracy in the required time, but also they must per-

form them at the time required by other members cf the team. The

leadership within the FDC must, in addition, understand what procedures ic

direct and wien to direct them.

While virtually every type of mission has a greate- or

lesser unique procedural aspect with respect to the activities of the FDC,

the degree of uniqueness is less distinct for the FO and for the howitzer

sections. The howitzer sections are procedurally oriented with -espect to

the sequential activities required to conduct a given type of mission.

While there are many different types of missions, there are a limitec

number of variations in the sequence of firing the howitzers. The forwarz

ooserver is orocedurally oriented in that he must follow a sequence of ac:-

ions in oraer to initiate, adjust ano terminate a mission. The KC,

however, is more exposed to making judgments, the results of which flo,,

into a procedural form. The FO makes the judgment on the target tc e

engagec. He makes tne judgment on the lczation cV the target. He makes

the judgment on whether an adjustment is reauirec. he makes tWe Judgmer:

-ecommending the manner in which the target is t te ergaged noth -escen:

to type of ammun'tion and the aclume of Oire Dr eV'ec:. .e makes V e

judgment on the corrections to adjusting rounds. a-,'o fiha'ly, e makes the

judgment on :he evaluation of the effects of the fire or tre target.

We do not imply that the FO is the most important playe- i

the gunnery team. There is no ore most important player since a ! sec:cns

must perform accurately and responsively tc maintain an efficient batte"5.

We do imply that the overall gunnery team is heavly procedural'y crientec

in skills, that the FO is inputing a major number of decisions or judgments

into that procedural system, and that the value of these Judgments wi"
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have some positive or negative effect on the ability of the battery to

perform.

Judgments are obviously made within the FDC and in the con-

duct of firing the howitzers so one cannot conclude that the judgments made

by the FO are of greater or lesser importance than those made in the other

sections. However, because of their number, the FO judgments are likely to

affect battery proficiency to a greater degree and on a more frequent

basis, than those made by the other sections.

Furthermore, the FDC and the howitzer sections each have

intrinsic procedures to limit errors by cross checks and supervisory

action, whereas the FO's judgment is extremely difficult to cross check

either within the FO section or by the FDC. Therefore, the experience of

the Forward Observer and his state of training exert a major influence,

positive or negative, on the battery proficiency.

2. Basic Issues for Resolution

There are two fundamental issues that this study must address and

resolve. The first concerns the number of live rounds needed to attain and

maintain the proficiency of a gunnery team. The second concerns tne

utility of non-live-fire training in the same regard. Overall, the princi-

pal objective of this study is To formulate a methodology which quantita-

tive'y relates training, in terms of exercises and rounds, to proficiency.

One of the principal difficulties of this study is to formulate a

methodology which deals with an abstract terms called proficiency. At an,

level, that is element or battery, proficiency is the ability to perform

functional firing tasKs to some specified parameters of accuracy and time.

The identification of these specific performance parameters, and the re'a-

tionship between this study and these parameters, are discussed at length

in the (next) paragraphs dealing with the Marine Corps Comoat Readiness

Evaluation System (MCCRES).

This section concentrates its discussion on the issues of attain-

ment and maintenance training, the impact of skill degradation and

personnel turnover (turbulence), and the impact of non-live-fire training,

on "proficiency".
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These issues address abstract subject matter on whicin tr.e-e is

little or no "hard data." The relationship of the concept c' Drc~cien:I

based on accuracy and time parameters, to training device and live -Fre

exercises is a complex one. As we examine these relationships in close-

detail, we will find a second level of complex' relaticnships between

battery proficiency and section profic'ercy, due to the changes of p-c-

ficiency due to skill degradation and personnel turnover.

a. Attainment and Maintenance of Proficiency

The first issue to be resolved is the relationship betneen

the attainment and maintenance of a proficiency level and the number or

frequency of "training events". in this context, a "training event" is

typically characterized as a field exercise involving or culminating

live firing. (A section can also achieve some level of proficiency troucn

classroom instruction, non-live firing "training events', anc thrcugn sef

application.) The proficiency of a section will tend to rise after its

participation in a live-fire training event or exercise. As the sectior

eAperiences continued exposure to such exercises, its p-ofciency wili teno

to increase to some satisfactory level. in order to maintain the unit

oroficiency at a minimum acceptable level, the training event must ne

-epeated at some point in time.

Unoerlyina the whole issue of live-fire trainino anc o -
:iciency is the following question. Does a unt or section pronicienc,

increase as a result of learning skills and coordination in the "ive ir n7

environment, or is the live -ir~ng event primarily a valoation process t

verify the unit training proficiency already prev"cusly acQuired? The con-

fidence level of an individual or unit or its commander n the ability tc

oerform, is a factor in this proficiency, and tne orofic~ency of indivicual

sections is affected by live firing in attaining sKill. Our point is Znat

after a unit has attainea a given skill level, is the repetition of '-r

firing exercises a learning vehicle or a valication vehicle? Secondary

points are: 1) should the unit use l~ve firing as a learning vehi:ce or

are there other less exoensive or more effective approaches" and 2, if the
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live firing is used as primarily a validation process, how frequently must

proficiency be validated?

Nevertheless, the basic question to be resolved can be sum-
marized as:

(1) What oo our current training events consist of in terms cf

ammunition expenditures, and days of live firing?

(2) How does the FO, FDC, GC, and overall battery proficiency change

as the result of participation in the training event?

(3) What is the required frecuency of training events to obtain anc

maintain a given proficiency level?

b. Degradation Factors to Proficiency

The second issue to be resolved is the effect on section a no

oa:tery proficiency caused by skill degradation (forgetting) and personnel

:irnover. If there were no personnel turnover within the sections, anc if

oersonnel did not lose skills through inactivity, we could more eas lI

cetermine the frequency of training events necessary to maintain a given

"evel of proficiency. Experience indicates that while many factors exert

an influence on individual or unit proficiency, the two most important fac-

tors that tend to decrease proficiency are skill degradation due to "for-

certing", and turnover of personnel.

Motor skills, such as loading a howitzer, tend to cearade

only slightly over very extensive periods of time. Skills which are

neavily oriented toward procedures, pa-ticularly complex procedures, sucl'

as those of a forward observer, tend to be 'forgotten" much more raDidl.

through periods of inactivity or non-training. If one could determine the

rate at which a particular skill degrades in terms of proficiency, then one

could determine that point in time when another training event is requirec

to again restore or maintain the proficiency level aoove the required mini-

mum. ThLs, a frequency of training events over any given time period could

be quantitifed.

Recognize, however, that each of the sections of the battery

have distinct skill characteristics. Some skills are more difficult to

maintain than others, and, therefore, skills degrade at different rates
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over identical time periods. Th-s makes :ne frequency -_- t-a~ninc ev/E7-::

sect ion-dependent ano, thus, might suggest I-Fferential serc: on ar'c

'When a section attains andl maintalns a degree of

ficiency, essentially that degree of p-of'iciency -eflec's :nre om z

effects of the individual MOS skliis ano the manne- in v,.hCr those

are applied ana coordinated in. a team eff ort. ",! memoers c' t~e :ec'

contribute to the total Team effort, but 'he tasks performec by some -e--

bers may have greater impact or tre -rcfrciery of the section tnan

oerformed by other members. Tnose tasK~s h aving o-re_ ter maoat yes t

from the influence on the team from, the leaders -o or sjperv4 sory pcs-:zon

of the team member or because of tre pctentia' m-.ac of nis error.

example, an error in CUtt41ng tne onarge or se!:ing thle :eec-o

cuadrant elevation has much greater impact -ran an error Ir :ne funct~cn, o

ramming the round into the tube.

ren a creA member i s separated fi rom the team anoS

-eplaced by another, the proficiency of the section is- a fe::tec. rf e
'-e-Iazement has the same proficf.ency i n the MOS- sKi as ' h 'eoe n

reoaceo, ~~~the sect ion prof 1i ency v, derd 'n o h xtn-ra

nev, member is noct used to worK rc 8,th the other 71emoers c the :ea.. . e

cuertI.,. the replacement coes not have toe same vrfin. nteK

_s -.rat oPossessed by the ziecart'rng member. In, t1-' --.Se the

zrof4:iency degraces because of both thne i'ferior SOiY C' the -ep'acenerz-

ano ns >0ak of experience in workinoi q~th the otne- members c- -ne 7_

To summarilze this oilscjssion.,c the -cec~erz --c-: aceie-

:~team personne, the proficiency of the unli o D. ; zerc to oegrace

reiation to:

l'The -iumo~er of member s who were a~e aec ver a zve-, :De- -,o

'2 he MCS orofiinysi of the recltaoeme7.s. aric

(3' 'he error impact potent.;a I of th e Dcs itir soe Isi e-_ p)a-'C,-

a .y thocse of the supervisory type.
7Tne basic questions to be resc~veo- aee

A:. h-at rate cc sectional skills degraae c:ue to cetc



(2) At what rate can these degraded skills be restored as a function

of a training event?

(3) Can a personnel turnover rate (number of personnel per month) be

related to a predictable change in proficiency level?

(4) Given a degradation of proficiency level resulting from personnel

turnover, how many training events, or what frequency of training

events, are recuired in order to restore the pre-turnover pro-

ficiency level?

C. Non-Live-Fire Training

The third basic issue to be resolved is the capabilit'es.anc

limitations of sub-caliber devices and other training devices as tcols for

at-a~ning ano mairtaining proficiency. In an abstract study of this

nature, this issue is very difficult tc address. In large :art. trairing

'evices have various, but limited, characteristics which they are carable

: simulating. Thcse characteristics that can be simulatec may have great

value to the training of one section but limited vaiue to the training o'
another.

For example, the M3I trainer, a widely used device in the

art'iery. is an excellent device 'or the training of the FDC. Within its

:esign caoability to simulate, it provides a definite assist to the FO ir

scme but not all functions. On the other hand, it has limited value tc the

training of howitzer sections simply because it cannot simulate the phys'-

ca. environment in which the howitze- section must function.

Tmis study s task is to evaluate the extent to which cur-ert

existing devices can contribute to proficiency. It does not address the

iscue of the optimum potential of future simulators to contribute cc

training proficiency. This study is able to make such quantitative recom-

mendations.

3. Marine Corps Combat Readiness Evaluation System

This section discusses the general nature and sccne of the Marine

o-ps Combat Readiness Evaluation System (MCCRES) and its relationsnip tc

this study. This discussion is not intended as a critical analysis c' the

MCCRES, for this is not a task of the study, nor does the study group find
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a reason to cri tize the concept. There are, however, sharp d- t, nc* .cns

Ltetween the appl ication of the MCCRES standards to a 9i)en unit uncer

avaluation and the application of tne study methocology in establ',shin- *.ne

--elationship between profi Ci4ency levels and live fire,,simulatec -1,- e

trainirg. The MCCRES and the s tudy h ave dIf f eren:. 6bj ec ti1ves and c ife-en:

applications and the reader should irderstano this d'stinctioin.

a. What is MCCRES?

Marne Corps Order 35C>.6 estaclished MCCRES witr-r i-e

Marine Corps and direected implementation of .,-e system fcr train~ng use.

Tne MCCRES provides tne performance standards -;or Lse in the eva uation of

the combat readiness type units and tneir suocrdinat.e ccmponents.

The MCCRES mission performance starc:aras attemnpt to pr'iov'ce

acomprehens-ve means to evaluate all uncticnal areas of a MarIne 4"-

orcund Task "orce. In the a~clication Of MC.RES to --he Field Artille-

ozattery ano its sections, MC-RES estatlisnes standards of performance for

manY fuctional1 tasks. These tasKs indluce tcth 'fir'Ing ana non-fir -ic

lciv;,,eS sOr tasKs aS weli as tactical ard ec--'pment orentec tasks.

The MCCRES embocies -.he oeta~ed per-forma-ice stardards fo-r

J-rtua' y every type of indirect ,e task at tne unit and elemen- 'eve..

This document has received ve- wide distributicn, anic has exerte-e a: mea-

surable effect on unit anc eleme-z training prcgrams. The Dersonne' rc-

ved in performing indirect fire -Oss~ins ala tasKs are very aware zof tne

oerformance levels established in the MCCRES.

It is tne opinion of tie study grzcuo. and of the o-ver-

wnelming maicrity of the personnel interviewed, that the MCCRES parameters

are fair and attainable, but t'at there is little "slack" in the cr4teria,

:articularly at the battery level. This seems desirable that tne 'coorci-

nation factor" of the battery's elements is implicit i1n tne MCCRES

standards. it is the most difficult factor to measure. Probably the best

indicator of inter-element coordination is the timing and length of tne

communications or data transfers between elements as we discuss later.
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b. MCCRES In Application

It is in the application of the MCCRES, that is. the eva'a-

tion of a series of specific batteries or battalions, that its ,alue as

gen.eral measure of combat efficiency can be misread. First of a"", -e

conduct of a MCCRES evaluation represents a substantial effort in terms c;

tine, personnel resources, ranges and ammunition. Substantial oersonne"

support from other units is required to evaluate the unit undergcng t"e

MCjRES evaluation. Substantial time is required in prepara:io- for :re

MCCRES.

Based purely on the limitation of physical resources, MCCREE

evaluations cannct, as a practica' matter, be conducted frequently on tne

same unit. It appears that the "requency of evaluation of a given jnr,-

could extend to 18 - 24 months. 1' does appear, in application, that many

units are evaluated by MCCRES just prior to some event, such as a deplc-

ment outside CONUS or an extended traininc exercise in CONUS.

Because of the Marine Corp s many ooerational ccmmitments,

there 's freauently substantial intra-regimental transfers of personnel

Prom other units into the unit designated fo- deployment, and designatec to

taKe the MCCRES evaluation. There is no argument that the unit passing the

YCCRES test is well qualified to perform. However, there is a danger that

after reviewing a series of many units scoring well on the MCCRES evalua-

tiof,, someone may come to the conclusion that the MCCRES evaluation of

these units represents the current training status of all like type Marine

Ccrps units at any given time. it appears that personnel transfers to tre

unit desianated to be evaluaten under MCCRES, and to deploy, exert

negative influence on the status of proficiency of the transferring units.

1f it were physically possible to administer the MCCRES on all like tyce

units simultaneously, then the scoring wculd likely be substantially

cIfferent than the scoring currently being achieved by those units who have

been augmented prior to testing and deployment.

We recognize that this simultaneous testing is not feasible.

* xe recognize the MCCRES is an effective approach to evaluate a specific

unit. We merely caution any general conclusion concerning the general
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state of training of any given type unit category based on the results

one or many individual MCCRES unit evaluations.

c. The Relationship Between MCCRES and This Study

The establishment of a body of specific performance cr' e -

and the wide-spread knowledge of this criteria by the personnel in 4'c'rec •

fire military occupational specialties was a very significant assist t:

this study. it provided a common basis cf communication through the :ecilm

of questionnaires where the interrogators and -espondents used the same

performance criteria.

This study has the task of establishing a relationshn;

between a proficiency level and the number of training events, hence the

scope of the study relates only to that p-rtion of the MCCRES which aeas

with live firing/simulated live firing. This is an important distincticn.

The study methodology is capable of predicting the "proficiency level" oF a

unit or section. given certain inputs, however the "proficiency 'eve'"

relates to the ability of the battery or section to perform 'c MCCRES s:a7-

dards only with respect to live or simulated fir~ng.
This study examines how crews, sectiors and batteries

acquire skills, maintain skills, and how those SK'lls are degrace- n,

changes in training frequency and by oersonnel turnover. The M''CPE

examines how crews, sections, and batteries performed at the time o'

evaluation, measuring actual performance against estaolisnec standards

a l types of functional tasks.

This study provides a tool or metkodology :2 he'lp rec :-

the quantity and frequency of live firinc and simulated fi-,no to achieve

and maintain a designated level of proficiency for an di.rect fire vce

jnit (e.g., field artillery battery) on a Marine Corps wide basis. it z

universal in application. In concept, MCORES provides a most vaiaze s':

of criteria which can be readily translated into training objectives, aC

in this respect MCCRES has universal application to any given type va- -C

Corps unit.

There is one final distinction between the MCCRES and thns

study. The MCCRES is correctly concerned that the battery beng evaluat~c
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is capable of performing each and every type of live fire mission (pre-

cision registrations, mean-point-of-impact registrations, adjust-fire

missions, smoke, illumination, coordinated illumination, and others). This

stucy is concerned that whatever the composition of quantity and types of

missions fired by a battery in normal live fire training, that the battery

is capable of satisfying the MCCRES standards for each of those missions.

d. MCCRES and the Definition of Proficiency

It is therefore not only conceivable but highly liKely t'hat

there may be marked differences between the evaluation of a unit under alT

.he tasks encompassed by MCCRES and the proficiency level predicted by the

szuay methodology based only on live firing/simulated firing. Wh-le the

stucy's relationship between live firing/simulated fire events and prof4-

ciency level reoresents some overall average, not all units-are evaluatec

-Ai r all of the same tasks in a MCCRES evaluation, and non-firing events

are Aeighted differently than firing events in the MCCRES scoring.

In acplying the abstract term "proficiency" in a practica'

maner, -his stucy's position is that if a battery or section satisfies tre

accuracy and time parameters for a given type mission, that battery or sec-

t-cn is 100 percent proficient in that type mission. If the sec-icn or

oa::ery failed to satisfy the accuracy and time parameters for a given tyce

--ssior its proficiency in that type mission is zero. The accuracy and

:-'e parameters for all missions are those established by MCCRES. .ne

1-c ciency level" of a battery or section then is determined by its abi'-

, :o perform the required functions within the MCCRES time and accuracy

L'-teria for the to'aI missions fired.

For example, assume a battery live firing exercise consisted

c' one (1) Precision Registration, six (6) adjust fire missions, one (I

i-lumination mission, and two (2) Fire-for-Effect missions (a total of ten

,, missions). Assume the battery satisfied the MCCRES accuracy and time

criteria in the. Precision Registration mission, in five (5) of the six (E)

A',ust :ire missions and in the two (2) Fire for Effect missions, but

a 41led to meet the criteria in one (1) of the Adjust Fire missions and the

one 11) illuminatiu. mission. This study would rate the "proficiency
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level" of that battery at 80 percent since it satisfied the performace

criteria in eight (8) of the ten (10) missions fired.

e. MCCRES and Element Performance

As previously noted, the great value of MCCRES is the esta:-

lishment of a body of performance standards. Since this stucy is concerlec

with battery and section proficiency and its relationship to live and sim-

ulated firing, the study group reviewed in detail the MCCRES performan'ce

parameters and standards relating to indirect fire units. At the sectcr

level and at the battery level, the stanCards for any firing related tasK

are very specific and are explicitly expressed in terms of accuracy anc

time.

Fur example, in the conduct of any tyoe missicn, tre Ic-Aarz

observer (FO), the fire direction center (FDC' and the ncwitzer sect4:7

(HS) each have a number of specific tasks involved in the accomolisnme-" o'

their section missions. Each task has a time and accuracy paramee-

associated with it. The FO must be able to determine tne locat-cr c- -e
target wthim certain accuracy parameters an- transmit tat tarce: :ca J

to the FDC Athin certain time parameters. The output of the FDC effc-* s

measured in terms of accuracy (mils in cef~ectic, ant d adrant E7evat n

time in fuze setting) and time.

Upon receipt of f ring data from the FDC, tne ho,:zer sec-

tions have specific time and accuracy parameters in which they must pe--

form. In the case of an adjust fire mission, for example, the parame-erE

for each section are different for the initial round. the aZusrme - 1:

rounds, and the fire-for-effect rounds. Therefore, with such a V,e.'-

defined and detailed body of explicit time and accuracy parameters for eac-

t.sk of each battery section for each phase in each type mission, the a -

tation of this body of parameters in this study's "pr:ficiency 'eve

methodology is greatly facilitated. In addition, as noted. the MC:RES bc',

of parameters serves as a common basis for communication between :e s:Jc.

group and those operational personnel who have provided the benefit of

their experience in addressing the issues of this study relating tc

proficiency.
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f. MCCRES and Element Coordination

While MCCRES explicitly provides specific parameters in time

of accuracy and time for virtually every task at the section and battery

level, there are also implicit parameters. If one examines the time and

accuracy parameters for the overall indirect fire system, it becomes

readily apparent that the "time" parameter dominates the success or failure

of a section or battery in satisfying the MCCRES criteria. If one examines

tne time parameters for each section in performing its individual tasks in

each phase of a mission, and totals all the time increments of a7l the

sections, one finds that the total is less than the time parameter at the

5attery level to conruct a given type mission.

This is obviously logical. The imp ication however. 's that

each section must not only be capable of satisfying its time criteria for

each given task in a mission, but it must perform "on demand." It must

perform proficiently in conjunction vith other sections in the timely

evoiution of a cattery level mission. This is implicitly a oarameter o^

coordination.

For eAamvle, the F-". DC, and nowit.er sections of a battery

may inciviaualiy be caable of consistently satisfying the MCCRES criter-a

for Any type m~ssion. When those individual sections are requirec *c per-
form "on demand", that 4s, 1n conjunction with the other sections at the

time and clace of the evolut'on of a battery level mission, the batter ma\.

crove incapable of satisfying the MCORES time criteria. This is becalse

tne sections are nct coordinating thp!r efforts in a responsive mazrer t:

brino effective fire on the target. As we have already mentioned, probacKI

the esc indicator of inter-element coordination is the timing and length -

of the communications/data transfers between elements.

4. Overview of the Methocc'cu

a. General

The purpose of this study is to provide the Marn' Coros

Aitn a methodology which will ass-st the Marine Corps to decide how much

amm',nition to use to train its crews serving on crew-served weapons. Fund-

amenta'ly then, the methodology, and the results therefrom, must he
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orented toward decision-making. The job of the methodology is to organize

the necessary data and the decision variables into a logical form, so that

when those data are inserted and the decision variables selected, they can

be related to some quantity of ammunition.

Our methodology requires two decision variables: first, the

Marine Corps must specify the level of MCCRES proficiency an eleme7: cr

battery should maintain. Second, the Marine Corps must specify the amount

of personnel turnover (turbulence) expected within those elements. ",e

output of the methodology is the number of exercise days per year, with an

associated number of rounds of ammunition per exercise. This number of

exercise days and rounds will insure that an element or battery will main-

tain the specific level of MCCRES proficiency, in an average sense,

spite of the specified turbulence.

The data required by the methodology is mocerate in size.

Much of that data comes from the MCCRES itself, and will only change onrn

MCCRES standards change. Other more changeable data concern the -elation-

ship between learning and rounds expended in "learning situations", and tne

amount of "unlearning" due to the effects of turbulence and forgetting. Ve

have evaluated these data through an organized subjective means as a irs:

cut, but these data will change in time as hard data becomes a.aiial e.

The methodology provides a means of including these new data.

b. Use of the Maintenance Approach

What is the measure of a unit's readiness? Fo- the puczcses

of th-s study, the Marine Corps has specified the measure. Tne MCRE_

standards will be the measure, and this study interprets readiness in ter-:

of prcficie-c as measured with respect to the MCCRES. A units or:-

fiziency with respect to MCCRES will be taken as the unit'z sc::e 4- a

MCCRES evaluation.

For a given number of exercise days per year. sore jn- ts

woulc be MCCRES-evaluated at higher levels of oroficiency than othe,-.

There are innumerable reasons for this. A unit's proficiency deoencs no-

only on the number of exercises it participates in, but also on the qua:.
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of that training, the preparation for it, the morale of the unit, the lead-

ership provided, the history of personnel turnovers, etc. For this reason,

we wish to measure proficiency in some average sense. For examp~e, we

mi.ht take the average of all measured proficiencies from all like units

icentically trained and tested under identical MCCRES circumstances.

For the purpose cf establishing a training requirement for

ammunition, the Marine Corps must decide on the average MCCRES proficiency

cra it wants the units to exhibit. We do not wish to measure this

Drcficiency as if it were the result of a specialized one-shot attempt tc

o well on a MCCRES. Rather we wish this proficiency to reflect the

current state of readiness Marine Corps wide. We wish to calculate the

amount of live-fire and/or non-live-fire exercise days per year which will

"maintain" the units at the specified average proficiency level.

For this study, we interpret the average proficiency level

:c be a level which is "maintainable" in some long-term sense. Within any

single unit the proficiency will fluctuate due to the occurrence of

eyercise periods, the turnover of personnel, the skill decay Detween

exercises, etc. The proficiency we want to use is the time-averaged rofi-

:ency, the "steady-state" level which notionally results when all the

transient effects befalling a new unit are smoothed over.

In this sense, we regara the attainment of proficiency as

just a "ramping up" to the steady-state level. It is the steady-state

ie.,ei we are interested in as our measure of the impact of changes

:-ning rate. We are looking to measure the average maintainable prc-

f7ciency of the units as they train, forget, and experience changes i.,

memcers.

c. The Effects of Turbulence

Personnel turnover, called turbulence, within a un't wi-

lo~qer the maintainable level of proficiency of that unit, all other things

:aina eaual. This effect can be compensated for by an increase in the

number of exercise days. This will allow the new members of the unit to

"cazch up" to the skill leve's of the old members of the unit.
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It seems obvious, then, that the lower the turbulence, tne

higher the maintainable proficiency at the same rates of traininc.

Similarly, with lower turbulence, any specified proficiency can be mai-

tained at a lower rate of training, and, thus, with a lower consumption -

ammunition. In fact, from our review of military' training documents dnc

interviews, this is exactly the case. Among US allies, where inits may

stay together for almost a decade, higher proficiencies of marksmarsn-c

have been achieved with a substantially lower consumption of ammunition.

Any acceptable methodology addressing the relationsh'p
between ammunition consumption and training effectiveress must embody
explicit consideration of turbulence. It must be able to quartify the

saving in training exercises associated with any reduction in turbulence.

The methodology developed in this study does this. It evaiuates a un t s

maintainable proficiency in relation to tie number of exercise cays pe-

year and the number of personnel replaced per year.

Although the maintainable prcficiency of a mature z-e mu

include the factor of turbulence, the attainment of proficiency Tgrt ze

evaluated without it. We might assume that a new crew wi'- keep togethe-.

at least for some reasonable period of time. Alsc, if the-e is a-" :ors4-

deration of the effect of intense pre-deoloyment trainino or o ro eoc1..

this might be also evaluated without respect to turbulence. H-ovver, :'e

methodology of this study is general enough to a" ow tne cos-ce-at:cr c

turbulence even in these cases.

d. Days of Fire and Expenditores Per Da,

The total number of rounds expended in -Zr rg a rn" S

crew during one year is the product of the number of exercse ca,s :f -e

enjoyed by that crew with the average number of rounds expenoec ze-

exercise day. In order to determine tne effect of a one year t-ain-c ]
allowance, we need to know the benefit of one typical exercise oay. nc

the effect of that one day is somehow dependent on the number of rojrcs

fired during that day.

In our conduct of this study, we were explicit in statinc

that we would not make suggestions concerning how to train, but onK l oy
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much to train. We did not wish this study to recommend the number of

rounds to be used in one exercise day. Rather, we would conduct this study

with the view of recommending how often training days should occur under

the current training doctrine used by Marine Corps. Nevertheless, we do

address the issue briefly. Intuitively, more rounds per exercise is

better, up to the point of fatigue. Also intuitively, some minimal number

c' rounds needs to be fired to justify the preparation that has gone intc

.he training event itself. Thus, there may be some "threshold" numoer of

rounds in excess of which little training effect is'discernable. In fact.

it may well be tiat the preparation for a live-fire field exercise is the

most important aspect of the training, and the event itself is merely a

validation cf the effect of that preparation.

After any exercise day, the benefit to the crew will be a

variable depending on the preparation for th exercise, the concentration

during the exercise itself, the rounds actua* iy fired, and whatever chance

happenings affected the execution of that exercise. Our point is that

there seems to be so many influential variables in a training exercise, and

the data (including subjective data) so sparse that it is probably futi e

to discover any simple relationship between the number of rounds lired anc

the s-ecific sKill enhancement that number engendered.

Although we will gather data tc investigate the e'ect c'

'ounds-per-day on training effectiveness, the only possibe means c

crawing any conclusion in this regard is to conduct rather t.rcugn -e'

tests. Thus, for ammunition planning purposes, we wil' use an ave-age 7.-

er .f rounds to represent one day's firing. And ve oil2 a~sociate ...

tnose rounds an average learning "rate" which we wi'l extract -cm data.

e. The Accuisition of Data

The previous subsections have discussec the ,. *:t

impac: which can be expected from any training exercise in~cW, a :-e,,

"or an individual for that matter). Thus, any methodology Dur-c'ting
"escribe the relationship between training exercises and the acquisition
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proficiency, necessarily needs extensive hard data if it is to be sc'en: -

fically precise. However, in order to guide a managerial cecision, -e may

get away substantially cheaper.

The usual method cf supporting a decision vhen tne-e 's

little nard data, is to acquire a reasonable amoun't of "expert" judgmer,.

In many cases, expert judgment is all we can hope for, when, for eamoie.

the data we need depends on the future outcome of certain events.

Expert judgment is not a substitute for hard data.

experts involved have already "preaveraged" important distinctions in neir

mind in ways which might be destructive to our applicatior. The excerts

also carry prejudices around with them. When these prejucices ca7 te

averaged out over experts, more reasonable results are 'ikel * : Ze

obtained. The most dangerous case is when the experts are uni orm .-

biased, as for example when the decision to be made based or tneir jucgre7:

intimately affects them.

Nevertheless, as a result of our data gathering, we founc -z

complete hard data adequate for our purposes. We found no records reA:n:ic

a MCCRES-evaluated unit with the number of exercises it performed, com 2e:e

with expenditures, and complete with the changes of personnel within the

unit. Therefore, it was necessary to acquire subjective data from :a;-

fiea Marine Corps personnel. This subjective data was gathered in the 'z

of extensive questionnaires. These questionnaires asked for both aa

tive and quantitative information. They asked questions coth direc" a-z

indirectly and asked them in several ways in orcer 'c ccLte cne:,, :-e

responses and to eliminate biases. Each questionnaire r-esccnse -as "re,

processed in such a way that it could be regarded as a substitite I:- :-ee

pieces of hard data gathered from MCCRES-e~aluated units.

As hard data becomes available in the f ture, the sutject:,e

information can be reolaced by such data. It can be replaced zomce:e 1 .

or it can be mixed with the hard data. When mixed, and 6hen enoug- nar:

data is available, the preponderance of that data sill necessar-l',  s ar-"

the original subjective estimates. The decision-making portion t-e
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metnodology will thus improve from its original subjective base to an

empirical base.

5. Structuring the Modeling

a. General

This paragraph describes how we organize and apply the data

needed to support a decision concerning the ammunition required to train.

The organization and collection of data is the scientific aspect of this

study. It supports, but is distinct from, the decision guidance aspect of

this study. We use mathematical models to organize the data and to tell us

the kind of data we need to support the decisions we wish to make.

When there is a large amount of coherent data available, the

data can well "speak for themselves". We need no preconceived curve or

shape or theoretical construct to aid us in interpreting the data. The

cata will fall as they may and construct their own "curve". They may not

lead to any "understanding" in the scientific sense, but it is sufficient

to suoport a managerial decision.

For example, suppose we knew from measurements that every

oattery training 30 times per year with 65 rounds of live fire wou:d test

out at 82 percent proficiency on MCCRES. And suppose we have similar

7easirements for a large range of annual exercises with various numners of

consumec rounds per exercise. Then we need no theoretical construct to

relate proficiency to ammunition expenditures per year. Rather, we have

comolete data. We pick a proficiency we like, anc train according to our

evaluation of the best of the alternative ways to get there.

On the other hand, when the data available are sparse and

incomplete (the usual case), then it behooves us to have some theoretica -

idea of how the data holds together and relates to itself and to our deci-

s-on variables. We need some theoretical construct, based or past

scientific study and/or operational procedures, and representative of the

best current thought, to help us use a small amount of perhaps inconsistent

and confusing data. That is, we need to fill in the rationale which will

lead from sparse and uncertain data to a decent managerial decision.
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To provide this rationale, we have constructeC two mathe-

matical models. One of the models relates the proficiency of a oatter '-

the proficiencies of its elements (the forward observer function, the fire

direction function, and the howitzer aiming and loading function) evaluatec

with respect the the MCCRES standards. The other'mocel applies the nast

half-century's developments in quantitative learning theory to the problem

of how much training it takes to attain and maintain the proficiency :F

each element's crew. Together, they relate different amounts of trainl-c

to the proficiency of the battery overall.

Over a period of time, as nard data are collected from tra'-

ning experience, and appropriate records are Kept, the parameters of these

models can be updated from the parameters provided by this study. The u:-

dated parameters will reflect the most recent training experience. Te

models will then change from a means of "extrapolating" from smai amounts

of data, to a means of "interpolating" between measured results. As cata

is collected further, at some point, we would hope that they woucz. "sPea

'or selves". Until that time, we propose that the Marine Corps use t e

mozeling and parameters this study provides.

b. Relating Battery Proficiency to Elements' Proficiencies

The overall proficiency of the battery is a complicated ccm-

tination of the proficiencies of each of the elements (FO, FDC, and GO

and the "coordination proficiency" between elements. The 'irst mcdel tr4c

study provides is one which describes this relationship in a : artitaz'.e

-ashion. This model, called the Battery Proficiency Model, :a:;-zs z-_

:attery proficiency associated with specified input element profc:encies.

The ability of an element's crew to perform thcse suctas,s

endemic to its function with accuracy and timeliness is fundamer-ta tc --e

performance success of the battery. Relating the amount of ac:brac a-:

timeliness at the element level to the accuracy and timel4ness at -,e

battery level, requires that we formalize the interactions amonc eiemer,:.

We do this in consideration of the different missions a batters must ne

able to perform.
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Different missions make different demands on each element's

crew. Different missions require the elements to interact differently
among themselves. Thus, battery performance cannot be evaluated by simply

homogenizing the performance of the elements. Rather, it is necessary to

analyze the element's interactions at the mission level, and then assemble

the likely performances of several selected missions into a measure of the

battery performance overall.

In order to produce an analytically tractable model, suita-

ble for this study's decision purposes, we need a way to place a value on

an element's performance of a subtask within any mission. To do this, we

choose to apply the elements specified proficiency to characterize it's

ability to meet the MCCRES standards for each subtask under consideration.

We do this in a way which provides a probability distribution on the amount

cf time it would take the element to achieve the MCCRES accuracy standard.

We describe this in more detail later in the next subsection.

Within each mission there are MCCRES standards for the sub-

tasks demanded of each element. However, there are no such standards

governing the accuracy and timeliness of the communication or the coordina-

tion between individual elements. Thus, in our modeling, we allowed a

model parameter to characterize the goodness of these interactions, and

allowed that parameter to be fit to data. With this parameter in plae.

elements' performance and interactions within mission can be strung

together, burdened with their probability distributions, so that the proba-

bility of completing the entire mission within MCCRES standards results.

Finally, individual mission proficiencies, based on element

proficiencies and the coordination parameter, can be combined to produce an

oerall estimate of battery proficiency. We do this by taking a weighted

average of selected mission. We iiscuss this in more detail in the next

subsection. As an exercise of this Battery Proficiency Model, we can

investigate the sensitivity of battery proficiency to the element pro-

ficiencies. This is useful for evaluating which element, when given extra

training, would most benefit the performance of the battery. Figure 111-28

summarizes our method.
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4 For a specified mission, couple the element
proficiencies to relevant MCCRES standards to generate
a statistical characterization of element performance
in each subtask of the mission.

* Piece these representations together to obtain a
statistical representation of battery performance in
the mission.

* Interpret the resulting quantification in light of the
battery-level MCCRES standards for the mission and
obtain a battery proficiency for this mission.

a Average the mission-dependent proficiencies over
relevant missions, using appropriate weights for each
mission, and thus establish an overall battery
proficiency.

Figure 111-28. Summary of the Battery Proficiency Model Method
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c. Mission Analysis

In order to quantify the time and accuracy constraints of

the MCCRES standards on the joint performance of the elements, we need a

functional analysis of each battery mission. In this way we can assess how

tne proficiency demands on each element's crew affects the overall perfor-

mance and how the communication flows between elements. This subsection

gives an example of the procedure we use in this study.

We have selected three mission types to characterize the

demands on the battery elements' crews: Fire-for-Effect, Adjust-Fire, and

Coordinated-Illumination. We have selected these missions because, among

them, they embody virtually all the important subtasks each battery element

must perform. That is, if a battery can perform these missions with

accuracy and timeliness, then it is likely that it can perform all battery

functions with accuracy and timeliness.

Among these three mission types, the Fire-for-Effect mission

is the simplest. Figure 111-29 displays the time sequence of events which

characterizes the mission. Figure 111-30 displays the applicable MCCRES

standards for the conduct of this mission. Built into box 3 of Fig-

ure 111-23 is a communication time T3 between the FDC and the GC for which

there is no specified standard. This time, T3 , is our coordination

parameter.

Other missions are substantially more complica:ed than this

one. For example., the Adjust-Fire mission requires loops of repeated event

sequences in order to characterize the time of accomplishment of the entire

mission. The necessary number of loops is a matter of charce, and this

maKes our analysis substantially more difficult. Nevertheless, we are able

to handle these difficulties in a mathematically tractable way.

The way we do this is in the way we interpret an element's

proficiency. We take an element proficiency of 80 percent to mean that it

can oerform its function 80 percent of the time within the time specified

by the MCCRES standard. The actual time it takes to perform its function

is governed by chance. However, among all the chance performance times, we
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FO identifies target,

determines target location

and prepares RFF; FO

transmits RFF to FDC

FDC plots target and

prepares firing data
T2

FDC sends Fire Missicn

and firing data to XO;

XO sends data to guns
T3

Battery fires
T4

Time of Flight
T5

Figure 111-29. Time Sequence of Events in the
Fire-For-Effect Mission
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Time Standards Accuracy Standards

0 Standard for FO performance a FO will locate target position

time TI is 60 seconds to within 200 meters

* Standard for FDC performance * FDC will plot target position

time T2 is 45 seconds by determining DF and QE

settings to within +3 mils;

a No explicit standard for time this translates into a radial

T3 ; estimated minimum time error of 50 meters

is 19 seconds

* Standard for GC performance 0 GC will implement DF and QE

time T4 is 45 seconds settings, again to within

+ 3 mils. This is equivalent

* Time of flight T5 for charge to an (additional) allowable

(?) and range 15,000 meters radial error of 50 meters

is 35 seconds

* Standard for Battery 8 Standard for Battery

performance time T is 170 performance is

seconds (2.83 minutes) - At least I round of

8 fired within 50 meters

of target*

- At least 6 rounds of

8 fired within 200 meters

of target

* in this and other missions, we assume an 8-gun battery.

Figure 111-30. MCCRES Standards for Conduct of Fire-For-Effect Mission
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say that 80 percent of them will be less than or equal to the MCCRES stan-

dard.

We then string together these probabilities from eeme-t-

function-performance time to element-function-performance time. T-S

allows us to construct a probability that the total mission time wi'" te

within MCCRES standards. We interpret this probanilit/ as tne profc'-enc,

of the batte-y in that mission.

d. The Element Proficiency Model

In order to feed element proficiencies into the Battery Pro-

ficiency Model, we need some way to estimate the proficiency of each ele-

ment. To do this we use the same simple training model acplied to eac -

element. This training model applies to the training of crews perfcrmin

procedural tasks. It takes into account the amount of training the cre.

has received and the amount of personnel turnover the crew has exper encec.

We zall this model the Element Proficiency Model.

From the previous subsection we see that the element prof4-

ciencies insinuate themselves in multiple ways into the evaluation c bat-

tery proficiency. Thus, those element proficiencies become the key drivers

of the battery proficiency. Consequently, we have taken some care to pre-

Dare the Element Proficiency Modl so that it is simple to use, yet £cundec

on the oest knowledae available from the psychology of learnina.

The two major factors governing the proficiency of a-

element's c-ew are: 1) the number of exercise days in which "- as

p ticipated, and 2) the amount of personnel replaced in that crew over tne

oeriod of training. Also, we must take into account the forgetting wn'cn

3ccurs between "training events" among the stable crew members. The

Element Proficiency Model is a crew training model which embodies :rese

:onsiderations.

The Element Proficiency Model is relatively fruga' in ts

demand for data to support the selection of its parameters. It uses t-ree

oarameters: a learning rate per "training events", a forgetting rate

aoplicable between "training events," and a turbulence rate applicable whe-

a member of the crew leaves and is replaced by an individua!ly skilled, nut
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new to the other crew members. These parameters need not be evaluated

directly, but they can be estimated by fitting the model either to measured

training data, or to subjective estimates of such measurable training data.

The Element Proficiency Model has two basic applications.

it can be used to assess the maintainable proficiency of a mature crew as

that crew trains and changes. It can be used to measure the gain in profi-

ciency of a new crew as that crew trains together and matures.

Secondarily, the model can also predict how long it would take to increase

the proficiency of a crew by some specified amount, under intense training,

i.e., prior to deployment. It can also be used to evaluate the degradation

of proficiency as a crew is unable to train, i.e., when deployed at sea.

The Element Proficiency Model is based on the current best

thought in the mathematical theory of learning as it applies tc

individuals. We have extended those concepts to the training of crews

based on the little extant work on team training, and on the little extant

work concerning the learning of procedural tasks.

in order to achieve a tractable mathematical form, we assime

,hat the occurrence of "training events" and the occurrence of personnel

.urnover are independent from week to week. The apparent weakness of this

thecretical assumption is counter-balanced operationally by one of the
C.rst lessons in statistics: in independent trials, it is common to

ccserve strings of like events followed by strings of the non-occurrence of

:ne same events. ohen you are away training, you will keep trainng; when

you are back home, you may not train so regularly.

As a sample of the type of result available from the Elemen:

?r'ziciency Model, Figure 11:-31 displays a curve representative of "main-

tenance training". This curve relates the number of exercise days per year

tc the average proficiency which would be disclayed by crews training at

that rate. As expected, the more you train, the better your proficiency.

The simple formula given in Figure 111-31 generates the curve. The purpose

of gathering data is to support an accurate value of the formula

parameter C.
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For trainin at the average rate of n exercise days per year. the
average maintainable proficiency will be of the form:

P(n)= n
n+c

for some value of C dependinq on the model parameters and
the turbulence rate.

Figure 111-31. Maintenance Proficiency

II -77

_OWN



Figure 111-32 displays a curve representative of attainment

training. Although the shape of this curve is similar to that of Fig-

ure 111-31. the underlying formula is quite different. Take special note

of the label on the x-axis. It is different from the label for the main-

tenance curve. Attainment of proficiency is characterized by a continuoLs

improvement in proficiency as weeks go by.

However, there is a limit to the proficiency that a crew can

attain. The largest that a crew's proficiency can become is the main-

tainable proficiency associated with the rate of training (in terms of

exercise day per year) it is experiencing. This upper limit is available

from the maintenance curve of Figure 1U-31. when the same turnover rate

(embedded into the value of C) which applies to maintenance training also

applies to attainment training.

At this point, we need to know how data can be gathereC .c

support the parameters we need in the formulas. The next :a-agraph

addresses this problem.

6. Developing Inputs to the Methodology - The Ouestionnaire

a. Results of Liaison with US Army

At the outset of this study effort, members of the study

group made two visits to Fort Eustis to confer w~tt the Army Group wh'ch

was also involved in studying the relationship between proficiency 4n

raining and expenditures of ammunition in exercises. in addition to con-

cicting an extensive literature search on the subject matter of thi- study.

the members conferred at length with each c' the Army counterparts. eac-

representing an Army major weapons category, i.e., Artillery, Tanks. Infan-

try, etc.

The Army study had been on-going for some period prior to

the initiation of this study effort. The Army group, having encountered

the same difficulty in obtaining "hard data" on the subject matter of the

effects of live firing on crew weapon proficiency, elected to conduct a

Questionnaire survey which was widely distributed at various facilities.

These questionnaires were available to the study group and were reviewed.
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For a new crew starting at proficiency PtoI and training at
the average rate of n exercise days per year (maximum
attainable proficiency is then Pfn] in Figure 11-31)the new crew's
attained proficiency after N weeks of training will be of the
form:

AP[NJ = Pfnj + r"I (P[oi-PtnI),

where r is of the form r = 1 -[n + C (see Figure 111-31 )is less than

1, and C' depends on the learning rate parameter, AP[N]
approaches P~nl as N -- >,. In thp sample rijrvo n - 5,; r-

Figure 111-32. Attainmni-t Proficient'y

111-79

L1



In general, the questionnaires did provide various types of useful informa-

tion, but they did not attempt to quantify any relationships between

changes in proficiency and live firing.

The Army Group elected to establish this relationshp 'by con-

ducting a series of live fire training exercises' with selected trained

units. For these units, the Army Group proposed to systematically decrease

the quantity of ammunition used per live firing, and measure the reducec

proficiency obtained by the reduced firing. This decrease was to be con-

centrated at values of 1/3 and 2/3 of standard allowance. Figure 111-33

i lustrates the expected results of this approach. If a trained unit was

evaluated to be 90 percent proficient by whatever method of measurement

(Point A), then by reducing the quantity of ammunition expended in live

firing and/or by substituting training devices, one should measure the

change in proficiency (Point B). The difficulty with this approach is

that, in order to reach a conclusion from the data so developed, one must

assume that the unit being evaluated was "at the knee of the curve" on the

90 percent proficiency line, and not at any other point such as A1 , A2, A3

on the 90 percent proficiency line.

We did not feel this assumption concerning the knee of the

curve could be validated from the Army Group's stepped allowance. If. for

example, the 90 percent proficient unit was at point A3 on the 90 percent

oroficient curve, and that unit's ammunition expenditures were reduced, it

Is probable that the unit performance would show relatively littie

decrease, since it is moving laterally a good way on the 90 percent curve

before it traces any downward path. In any case, this would not helo us

determine the number of live-fire exercises as it effects proficiency. Anc

there is no theoretical model to assist in assessing the impact of

reductions in expenditures per training evert, as there is in assessing the
impact of reductions in the number of training events as discussed in

Paragraph C5.

b. USMC Study Approach

The study group, facing the lack of "hard data" on the sub-

ject matter, decided on a different approach for indirect fire. The
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approach was to develop inputs to the methodology through the vehicle of a

series of indirect fire weapons questionnaires. The questionnaires were

formulated to address the artillery and mortar weapon organizations at

various levels in the organization structure.

For example, the artillery questionnaires addressed both the

section level and the battery level. Separate questionnaires were formu-

lated for the following categories of functional billets:

(1) Command and Staff:

(a) Artillery Battalion Commander

(b) Artillery Battalion S-3

(c) Artillery Battery Commander

(2) Battery Executive Officer/Gunnery Sergeant,

(3) Battery Forward Observer,

(4) Battery Fire Direction Officer, and

(5) Howitzer Section Chief.

The Forward Observer and Fire Direction officer questionnaires addressed

the FO and FDC functions respectively; the howitzer Section Chief question-

naire provided the view of the howitzer crew activities from the view c'

the Section Chief; the Battery Executive Officer/Gunnery Sergeant orovided

the view of the howitzer section activities from the aspect of the firirc

battery level; the Command and Staff auestionnaire provided the broad view

cf the coordinated section activities at the battery level.

The questionnaires were formulated to address the common a7c

unique asoects of each functional activity. Each functional set cf

questionnaires was administered to nine (9) experts. With the exception cf

the Command and Staff questionnaire, all questionnaires were administered

t- members of the 10th Marine Regiment at Camp Lejeune in late Novemner/

early December 1982. Respondents were selectec by the parent commands

based upon the respondent's experience and knowledge. The Commana and

Staff questionaire was administered through the mail individually to

officers selected by Headquarters, Marine Corps, based upon the experience

and knowledge and reputation of the officers.
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Each questionnaire provides a background o' the purpose c4

the questionnaire, that is, to obtain the respondents judgement :! S i

issues as the contribution of live firing to section and battery :rJf!-

ciency, the contribution of simulators and training devices to sect'cr at::

battery proficiency, the frequency at eihich training shouid be cort ctec,

and the effects of personnel turnover and crew skill degradation on sec::on

and battery proficiency. Further, the instructions, provided t, ire

questionnaire to the respondents, specifically define the term :r:i-

ciency" and relate that measurement to the MCCRES standards. This -s cone

in order that there is a common basis of reference between the cuest'on-

naire and the respondent regarcing the stanoards of proficiency arc the

measurement of changes in proficiency. The instructions Qrcvide an :ius-

tration of how proficiency is measured for ourposes of the study ano -"s

relationship to the MCCRES standards. Finally, the MCCRES -ime ard

accuracy standards of proficiency relating to the functional area Of th e

questionnaire are summarized for the respondent as a source of review ant

immediate reference.

c. Questionnaire Outline

Although each questionnaire is unique to its partcua

functional area, the common theme of the questionnaire -s out' -e: as

follows:

(1) Qualifications/experience of the responoent;

2) The number of days of live firing per cuarter ant the n. ner

rounds per firing day expended by the resDcndent's it "

(3) The determination of the rate at which personne att rtfi-

ciency in their artillery tasks as a function of lve f4ir'n:

(4) Given the attainment of a desired proficiency leve , wat f"re-

quency of live firing is required to maintain that e,'e.

assuming no personnel turnover?

(5) At what rate does proficiency degrade, due to inactive intera~s

between live firing exercises: Once proficiency has cearadec.

how raoidly can it be regained as a function cf live f-r4nc

exercises and frequency of live firing?
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(6) The effect of personnel turnover on section prcficiency;

(7) The effects of simulators and training device on proficienz.

levels; and

(8) The difficulty of "learning" the skills needed to ef'ectively

participate in a variety of distinctly different type missions.

At the command and staff level, the line of questioning addi-

tionally addressed the difficulty in "coordinating" the various

types of missions.

In addition, the questionnaire explored not only the quanti-

tative aspect of each functional area, but also attempted to determine the

"What and Why" aspects. For example, what kinds of problems inhibit sec-

tion acquisition of desired proficiency levels? When skill degradation

takes place, does the principal degradation occur in forgetting procedures,

making errors in procedure, the timely application of procedures, or in

cocrdinated team effort? What is the value and availability of t-aining

cevices? How effective are current training devices in increasing the

section proficiency? Which sections benefit most?

The nature of any questionnaire is admittedly subjective.

The responses are subjective judgments based on the best cumulative exper-

ience availatle. There is no alternative "hard data" source to answer the

questions posed by this study. A "hard data" source could be created as a

fo'low on effort to validate the findings of the study, but it did not

exist at the initiation of the study and does not now exist. The question-

naire was the best effort of the study group toward obtaining the most use-

fuK inputs to the methodology, notwithstanding the subjective character cf

the data.

Nevertheless, the combination of subjective data (or more

precisely subjective estimates of the likely findings from hard data) and

modeling have produced substantial results from this study. The next para-

graph discusses the nature of these results, and a sample application of

the deveioped methodology to artillery.
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7. Results of Analysis

a. Introduction

The purpose of this paragraph is t: presert the results --

our analyses. The basic results we nave to offer concern the relat'c.sr:

of battery proficiency to the number of "exercise days" the battery pat -

ipates in per year. We get this proficiency by:

(1) Evaluating the proficiency of each battery element (FOF.,, a-Z

GC) in relation to the number of exercise days per year tnr:.:c

use of the Element Proficiency Model, and

(2) Evaluating the proficiency of the battery by using the Batter)
Proficiency Model applied to the element croficiencies.

An average number of live rounds is associated wit, each live-fire exe-c-se

day. Thus, we car, relate battery proficiency to tie number of live ra-n-:s

fired annually. We begin with two discussions concerning how the two ;r:-

ficiency models (presented in Annex 3) were ca'brated for use in tn~s

study. Figure !i-34 summarizes some of the collected cuestionnaire data.

t. Fitting the Element Proficiency Mocel

The Element Proficiency Model recuired three parameters.

These three parameters have.to do with:

(1) The skill increase during a training event - the learning -arame-

ter,

(2) The ski"l decrease between training events - the forgetting pa'a-

meters, and

(3) The skill decrease when an existing ore,, memoer is repIacec : a-

individually skilled, but new to the crew, - the turbuierce :aa-

meter.

Tn evaluate the model parameters of any one element, we -e,,

on the responses to the questionnaires (in Tab B-i to Annex B) wr ;. c:--

cern that element. We focus on certain responses to the questions in tIe

applicable questionnaire(s), and extract the quantitative data icen-i'iecz

. in Exhibit B2-1 in Tab B2) for each respondent. We then use t-e

'smoothing" technique in Tab B2 to select those mcdel parameters .nic" a-e

most consistent with the individual respondent's answers. We then corml 7e
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Exercise days Turnover #/ Rounds per

Questionnaire Proficiency per year 6 months Exercise day

Section Chiefs1

1 85 56 6 200
2 85 80 4 75
3 75 20 2 200
4 65 80 2 155
5 75 80 3 90
6 70 100 3 200
7 95 84 6 120
8 75 32 8 80
9 75 92 6 80
10 85 40 3 5

median 75 80 3 105

mean 78 66 4.3 121

XQ

1 75 28 3 50
2 85 76 1 65
3 65 30 4 30
4 85 20 2 90
5 85 12 2 40
6 75 36 2 60
7 85 40 5 100
8 85 48 3 100
9 75 12 2 40

median 85 30 2 50
mean 79 34 2.7 64

Notes: 1. In comparison to the response to the other Questionnaires,
the Section Chiefs have reported about double the number of
exercise days per year and double the rounds consumed per
exercise.

Figure 111-34. Summarized Basic Data from the Questionnaires

I.
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Exercise days Turnover #/ Rounds per

Questionnaire Proficiency per year 6 months Exercise day

Fire Direction Center

1 60 32 4 80
2 90 32 2 100
3 70 24 3 60
4 80 60 5 50
5 80 32 3 25
6 70 32 2 50
7 80 60 3 50
8 80 60 5 50
9 80 40 3 40

median 80 32 3 50

mean 77 41 3.3 56

Forward Observer

1 85 60 C 60
2 83 60 1 50
3 85 36 3 50
4 81 48 1 60
5 81 24 2 180
6 87 24 3 60
7 75 60 4 40
8 91 60 3 50

median 84 54 3 55
mean 84 47 2.4 69

Command and Staff

1 85 20 60
2 75 36 30
3 75 40 60

4 85 76 43
5 85 40 40
6 65 96 70
7 75 72 i00
8 75 40 100

median 75 40 60
mean 78 53 63

Figure 111-34. Summarized Basic Data from the Questionnaires (Continued
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the "smoothed" parameters of each respondent and analyze them statistically

in order to achieve a consensus on the value of each of the three para-

meters. The value of these parameters for each element can be found in

Figure B-2 of Annex B. (There are two values for the learning parameter -

one for live-fire training and one for non-live-fire training.)

There are three notable results in our analyses of question-

naire data. First, we could find no functional relationship between the

number of live rounds fired in an exercise and the learning parameter.

Intuitively, we might expect that the larger the number of rounds fired,

the greater the increase in skill acquisition. However, from the subjec-

tive data extracted from the questionnaires ( indirectly), we could find no

such relationship. Figure 111-35 is typical of what we did find. This

again leads us to believe that the Army Group Study will not find the

"knee" of the curve in Figure 111-33. if indeed there is one.

Second, individual responses do not support any distinctior

between the initial learning of a skill, and the relearning of a skiY

which has been forgotten. Intuitively, if there were a distinction betwee-.

an "unlearned" state of mind and a "forgotten" state of mind, with respec:

to these procedural skills, one would expect the learning parameter repre-

sentative of relearning from a "forgotten" state tc be grea-er than that c:

initial learning from an "unlearned" state. There is no evioence c- this.

Furthermore, the learning paramete- representative of recove-y from oe--

sonnel turnover might reasonabiy be between that cf relearninc and 4n'a
learning. This is because in such situations, the old crew memoersA-" _E

recovering from "forgetting" wniie the new crew members will be initia"

learning. Neither is there evidence of this.

Third, the responses to the effectiveness o ion-1ive-ire

training seemed erratic. Nevertheless, there seems to be ore nct ceaoCe

trend. Namely, that when mixing live-fire training with ion-'ive-i-e

training, it seems better to mix live-fire with non-live=f--e exercoses

within the same "training event" than it is to mix training events de~ctec

purely to either live-fire or non-live-fire exercises. UnfortunateS). tne

Element Proficiency Model is designed to address separate "training eve-t
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types in terms of how many events are needed to attain and maintain pro-

ficiency. It is not designed tc address how to do the "training event"

itself. This point will be important when we make our recommendations.

c. Fitting the Battery Proficiency Model

The purpose of the battery proficiency model is to link the

proficiencies of the battery elements together in order to assess how well

the battery performs overall. The "missing link" in this connection is the
"coordination proficiency" within the battery. That is, no matter how

individually profic-ent each battery element is in it's own right, the bat-

tery itself will li<ely perform poorly if the communication and the coordi-

nation are poor. in the course of this study, we found this coordination

concept difficult to model and even more difficult to evaluate from the

questionnaire data we had. Thus, we chose to operate the Battery Pro-

ficiency Model with the cocrdination parameter held constant. As indicated

in Annex B, this parameter is a single inter-element coordination time, and

we found a suitable value of this coordination time by fitting the Model to

information in the Command and Staff Cuestionnaire.

This Command and Staff Questionnaire information pertains to

specific subjective evaluations of joint FO, FDC, GC, and battery profi-

ciencies after certain amounts of attainment training. We use a linear

regression on the logarithm to relate element to battery proficiency, and

we fit this simple model to the data (see Tab B-3). This simple model says

znat for the element proficiencies all at 80 percent, a corresponding

bat:ery proficiency in the mid to low 70's is consistent with the data from

the Command and Staff Questionnaire. Thus we compelled the Battery

Proficiency Model to approximate this result. Originally, we had estimated

that the coordination time was between 19 seconds and 45 seconds. We found

that a coordination time of 29 seconds was reasonable. Thus, a coordina-

tion time of 29 seconds was fixed in the Battery Proficiency Model for al,

further applications.

As a test of the Battery Proficiency Model, we set element

proficiencies at the median Marine Corps values specified by the question-

naire answers. These were 84 percent for FO, 80 percent for FDC, and
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80 percent for GC (see Figure 111-28). The battery proficiency ther

calculates to 75 percent. The median reported battery proficiency was also

75 percent, which is right on the computed value. Thus, we seem to have

some consistency among the questionnaire responses, at least on ne

average, when it comes to estimating current Marine Corps battery an:

element proficiencies, and the relationship among those proficiencies.

d. The Maintenance of Proficiency

We can summarize the relationship of training to proficie-cy

as follows. The greater the number of exercise days per year, the higher

the average maintainable proficiency for a mature crew (and the more

quickly attainable that proficiency for a new crew) - all other things

being equal. The purpose of this section is to quantify how many exerc-se

days per year are associated with what proficiency level, and what has -.

be equal. We begin with the maintenance curve. Figure !11-31 is cur

guide.

Figure 111-36 is a consolidated dispay of the maintenance

onrficiencies as they depend on the number of exercise aays per year. ?e
Tnclude the curves for FO, FDC, GC, and Battery overall. 'The Oat.er3

-urve assumes that the elements train together). The element sample :rc'-

ciency curves come from the Element Proficiency Model (eQuation '8 :

Annex B) and they all assume a median personnel turnover rate of

individuals per 6 months (=3/26) in the FDC, in the GC, and ,mmcn.c the ns.

-he sample battery proficiency curve comes from the Battery Fr: e.

Mooel using input element proficiencies associated eitn -he commo e

:f exercise days per year. Battery proficiency is expressed in both ;re

live-fire and 50/50 live-fire/non-live-fire (non-live-fire element

'iciencies can be found in Annex B).

Figure 111-36 contains other information. Notice tna:

FDC and GO occupy the same sample proficiency curve. This is cecause a:

the personnel turnover of 6 individuals per year per crew, the "C" va" e

for the formula in Note 2 of Figure 111-36 (following equation 18) c;

Annex B) is about the same for both crews. (It cannot be distinouished c7

the scale of Figure 111-36.) Furthermore, the median number of -eoo-te:
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exercise days per year is about the same for both FDC and GC at aboj:

30 exercises per year. At 30 exercises per year, the FDC/GC curve is j(,-,

slightly higher than the median reported FDC/GC proficiencies

80 percent.

For the FO, the median reported exercise days per year is 55

(almost double the FDC and GC) in Figure TII-36. At this value, tie FC

curve is just slightly above the median reported proficiency of 84 percent.

With the median proficiencies of FO at 84 percent and FDC and GC at 8C zer-

cent, the Battery Proficiency Models predict a battery proficiency of

75 percent, right on the median reported value of the battery proficier-

cies. Coincidently, the median reported battery exercise days of 40 pe

year corresponds on the sample battery proficiency curve tc just above

75 percent. (At 40 exercises per year, the FO proficiency would be ab c,

82 percent, the FDC about 86 percent, and GC about 87 percent as calcula-e-

oy P(n) in Note 2 of Figure 111-36).

If Marine Corps wishes to operate its artillery batteries a-

ower oroficiencies, then it can reduce the number of 'ive-fire exerc-se

days b the appropriate amount. This will reduce the live ammunition cor-

sumption. For example, according to Figure 111-36. 76 percent prcfic-enc.,

can oe maintained at 40 exercises per year at 60 rounds Per exercise.

total of 2400 rounds oer battery per year. To operate at 70 -,erce-"

proficiency, reduce the number of exercise days to 28 per yea- -! consume

1680 rounds.

If this reduced allowance )1680) -ere t be so'eaa cer --e

same number of exercises (40), reducing the rounds per exercise t: 4L

then we would expect the proficiency loss to be less than that ndner t~e

reduced number of exercises. This is the observation from figure 11-3 .

However, we are unable to quantify this proficien=y in the absence

testing under reduced allowances.
Also plotted in Figure 11-36 is ne battery proficien:1  I:

curve for a 50/50 mix of non-live-fire and live-fire training. This .s
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assembled from similar element proficiencies (different C's in Fig-

ure 111-36.) The information concerning the relationship between pro-

ficiency and non-live-fire training is weak because there seems to be only

limited experience with non-live-fire training.

The 50/50 curve in Figure 111-36 is our best estimate of the

maintainable proficiency using a 50/50 mix of live-fire/non-live-fire exer-

cises. But the two battery curves in Figure 111-36 are not as close as

they look. To maintain 74 percent proficiency takes 34 pure live-fire

exercises per year but about 40 mixed exercises per year - almost a

20 percent increase.

Note that we present the 50/50 mix curve in terms of mixing

cure live-fire exercises with pure non-live-fire exercises. This is

required by our modeling since our data is gathered in terms of pure exer-

cises on one form or the other. however, the questionnaire resporses do

indicate that a better procedure may be to mix live-fire with non-live-fire

within the same exercise (but not necessarily during the same day). Again,

we are unable to quantify this. This requires testing, for it concerns how

to train and not how much to train.

e. The Attainment of Proficiency and Applications

When a new crew comes together, their proficiency is apt to

ce low. As they train together, their proficiency will increase. This

subsection aisplays results concerning how quickly proficiency can be

attained. Figure 111-32 is our guide. The major decision variable here is

the rate of training. It could be intense, or it could be at the normal

rate for maintenance training. We display both applications in this sub

section. We also display how fast proficiency decreases when training

fails to take plice. Let's begin with attainment at an average maincenance

training rate.

Figure 111-37 displays the increase in proficiency c' eacr

element and of the battery as a whole as the elements train together. The

circles on each curve indicate when the curve reaches the proficiency value
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maintainable at the median turbulence rate ( =3/26). The initial profi-

ciencies were taken from the questionnaire responses concerning the profi-

ciency level of the respective crews after one live-fire exercise together.

We took this as our P. The battery achieves a "steady-state" proficiency

after five months of training together. This equates to 16 live-fire exer-

cise days, or about 8 two-day shoots (960) rounds). With this analytic
"machinery" in place, we can perform other applications: Subsection 7b

stated that, at this point in our knowledge, there is no discernable

distinction between an "unlearned" state of crew skill, and a forgotten

state of crew skill. As far as we can tell, if a crew is x percent

proficient, no matter how it got there, it will still require the same

amount of training to increase its proficency to x+l percent. And no

matter how it got to x+l percent, it will take the same amount of time to

-educe to x percent witn no training when there is no turnover.

One application of this principle is the following pre-

deoloyment strategy: Rather than maintain a relatively high prof'ciency.

one might maintain a relatively lower proficiency (at perhaps some cons-,

derable saving), and, prior to deployment, boost that lower proficiency

with intense exercise. This strategy may have particular application whe.

-ne battery is deployed at sea, and unable to train with live-fire. Tr

that situation, the decrease in proficiency due to lack of training. which

is inevitable, occurs at the expense of the cost of the intense rai~ring

period, rather than at the expense of the larger cost of the incrementa

maintenance training applied yt long.

Figure 111-38 displays an example. We assume no turncver

ouring pre-deployment. It takes between 8 and 9 exercise days to get the

battery from 70 percent to 80 percent. This consumes about 510 ounds.

Acoording to Figure 111-36. to maintain a battery at 80 percent takes about

52 to 53 exercise days per year - for an average consumption -f 315C

rounds, while to maintain a battery at 70 percent takes 33 to 34 exercise

days per year - for an average consumption of 2010 rounds. This is a

difference of 1140 live rounds per battery. which might be made up for,

when needed, by 510 rounds used in intense training. Figure 111-39

111-96

/[7 4



4 >

0-

U. U. 0

Nj

LU u>

cc > CD.

gZ . J
- U)4 00

LUL U

'-* La0 -

ULU

U) LU
COO

I- C)

0 > $J- 6
LU I.-

u-j
>0 M

>z

N 0L

0 0 00 LU
LU

LU u

~~z77 iLj L



.7-

P
R

R

C

E
N

C .5

.4- _ _ _ _ _ _ _ _

0 6 12 18 24 30t

WEEKS WITHOUT LIVE-FIRE EXERCISES

Figure 111-39. Battery Proficiency Decay

111-98



displays a sample decrease in proficiency for a batter} unable t- tra'n.

This Figure is identical to the Battery Proficiency Deca, Ehit r

Annex B. We simply wish to demonstrate that the decay is very srarp. Tb

rate of skill decay dictates that regular training is most necessa-y.

We should also comment that it is -ossible to adjust :re

model for the turnover of different crew members having different impact cr

professions. The average turnover rate can be adjusted by ecuating a

specific crew member's impact to the impact of some number of "average'

:rew members. For example, the loss of a Section Chief might be equated cc

the loss of 2 gunners. The average "gunner" turnover can then be increasec

to account for the turnover of the Chief.

f. Sensitivity of the Battery Proficiency Model

Which element is the most cr-tical to battery Derformance?

If we can quantify this, we might suggest a training strategy in whicn the

eiement with the most battery proficiency impact would be given some over-

traininz. This would be a :ess expensive way to maintain overall bat-er,

profic'ency. The Battery Proficiency Mode' allows us to do tnhs. We :a-

determine which element has the greatest impact on battery proficiency Eno

n:Jow much. We do this by testing the sensitivity of the battery Drofi-

c4enc) output of the model to the input proficiencies of the elements.

i,:ures 711-40a, o, and c display these results. The idea in these fioures

is to nold the battery proficiency at the current median of 75 percent, anc

fix one element's proficiency at 85 percent. Then, see what re,ationsr-l

is orzea on tne proficiencies of the other two elements in order c

ma 4nai the 75 percent battery proficiency. For example, Figure III-40

holds the FO proficiency at 85 percent. Then. an 80 percent crcficie-c)

for the GC and FDC yields a 75 percent battery Drcficiency. 4s the DC

proficiency decreases to 75 percent, the GC proficiency must ncrease .c

85 percent to keep the battery at 75 percent. In the area of FD and GC a:

80 percent, every percent decrerase in FDC must be counter balanced by a

percent increase in GC, and vice versa. At the top of the curve -

Figure II-40a, a one percent decrease in FDC proficiency can be balancec
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by a one-half percent increase in GC proficiency. Hc.eve-, e -e-'a

percent increase about the 90 percent level is expensive to obtain.

Figure 11-40: displays the reciprocal relationsmiz zeteer

FO and GC proficiencies. Through the .8 to .9 -ange, tre curve ;c':ates

that every one percent decrease in FO proficiency must te counter:a' cec

by a two percent increase in GC proficiency. Figure !!I-a0z sncogs a

similar tradeoff about the FO proficiency of 85 percent. About FC

80 percent the tradeoff is one FO point for , 1/2 FDC points.

Figures III-40a, b, and c suggest that it is a reascnable

strategy to overtrain FOs. In fact, according to Figure I1-34. Marine

Corps seems to be doing this, since the FOs report more 1've-f4re partici-

pation and a higher overall proficiency than the other elements.

g. Mortars

A survey questionnaire 6as designea and adrrnisterec as pa-:

of the study (see Annex B) however, results were nct ortainec in time tc Ce

included in the analysis of indirect fire. Accoraingy, the modei-n o

mortar missions using the MCCRES standards has not been accomplksheo es ^as

done for the artillery missions. However, because of the comparabi "iy :f

most aspects of artillery and mortar indirect fire, the same methoccocy
applies.

h. Proposed Artillery Training Allowance

Table 111-3 is a proposed Artillery Allowance in MCO P807

format for the 155mm Howitzer, M-198. This proposed alowance cz-'t te

used as a basis for validation testing. Further, the alicwance

exc'usively focused on batterv proficiency. It dces no: include alle oazces

for demonstration, combined arms training and exerc'ses. et-.
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TABLE 111-3. PROPOSED ARTILLERY ALLOWANCES IN MCO P8011 FORMAT

m. 155 mm Howitzer, M198 (2)

*RECOMMENDED

CURRENT ALLOWANCE 1 APPLICABLE
DODIC ITEM ALLOWANCE/BASIS BASIS (1) UNITS

D544 Prop, HE 306/Wpn a. 2,800/8 Tube Btry a. One Btry Per Bn
b. 2,200/8 Tube Btry b. Two Btry Per Bn

0550 Smoke, WP 40/Wpn a. 48/8 Tube Btry a. Two Btry Per Bn
b. 40/8 Tube Btry b. Two Btry Per Bn

D505 Proj. Illum 30/Wpn a. 96/8 Tube btry a. OneBtryPerBn

b. 56/8 Tube Btry b. Two Btry Per Bn

0562 HE (ICM) I/Wpn I/Btry or None All Btry

NOTES:

*(I) Recommended allowances are derived from the analysis of 6 tube batteries with
conversion factors designed to maintain one 8 tube battery per Bn near 80% proficiency
and the other two above 70% proficiency.

(2' Proposed allowances to be used as a basis for validation testing and are
exclusively focused on battery proficiency; they do not include special allowances
for other purposes such as combined arms exercises, demonstrations, etc.
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D. OTHER CREW SERVED WEAPONS

Analysis of allowances for other crew served weapons was primarily

based on annual consumption data related to the basis of the current allow-

ance and costing considerations. The following subparagraphs discuss those

crew served weapons identified in the study guidance.

1. TOW and Dragon

The current allowances for TOW and Dragon are:

TOW DRAGON

* PA66, GM TOW BGM-71A; s PL22, GM Dragon Practice M223;

9 one perlauncher one per tracker

* PA67, GM TOW Practice BTM-71A; e PL23, GM Dragon M222;

one per launcher one per tracker

e VX94, TOW Blast Simulator; e G839, CTG Rifle Grenade 7.62mm,

180 per launcher M64 (for use in M54 Dragon

trainer; 840 per gunner and

assistant gunner

It is understood that the current total inventory of practice anc

primary missiles for both TOW and DRAGON are such that replacement of

training consumption is not required or anticipated over the next fe'N

years. However, the number of TOWs and DRAGONS in the FMF will con-

currently increase significantly in conjunction with the force structjre

evolution and eventually generate a requirement for procurement/replacement

of improved TOW and DRAGON missiles. The current item replacement czs:s

for TOW and DRAGON missiles are estimated at $9,950 and S8,0CO -esDec-

tively. Although current allowances appear minimal, item costs seen

conjunction with an increasing inventory and potential use of the MLES

XM62 and XM64 training devices appear to warrant reconsideration of the

basis of these allowances. Specifically, experimentation with variazie
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organizational allowances similar to those discussed for tanks and

artillery would provide a means of determining if a more cost effective

allowance basis was feasible.

2. Air Defense (HAWK and STINGER)

The annual allowances of VX80, GM HAWK MIM-23B are three missiles

:er battery in the active force structure 3nd two per battery in the SMCR.

The unit cost of the missile is $244,000. It is noted that the high cost

of the missile is directly related to the battery vice launcher basis of

the allowances. While the allowances can be considered minimal, the high

unit cost appears to warrant additional experimentation with variable orga-

7izational allowances both at and below current allowances. In this

regard, due consideration should be given to:

(1) Mount-out/deployment factors and constraints,

(2) Annual availability and location of live fire ranges, and

(3) Annual personnel turnover or turbulence.

The current annual allowance of VX81, GM REDEYE M41A2 is one per

Gunner. It is understood that this allowance was possible due to a very

large inventory as related to only 60 gunners in the active force

structure. However, the active force structure has been increased to two

full batteries each containing 150 Gunners. In light of the increased

structure and high cost of the STINGER missile, the Marine Corps has devel-

oped a STINGER Launch Simulator which will be used to qualify all FMF gun-

ners on an annual basis. Therefore, there are no plans to institute a-

annual FMF training allowance of the STINGER missile.

3. Machine Guns (M60 and .50 Calibe:)

The current high density allowances for the M60 and .50 caliber

machine guns are-

M60 .50 Cal

* A131, Ctg 7.62 Linked @ A576 Ctg Cal .50, Linked

4 and 1; 4,800 per weapon 4 and I (M2); 1,500 per weapon

e A589, Ctg Cal .50 Linked

4 and 1; 1,870 per weapon
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The annual consumption history of the high density .50 caline-

ammunition is shown in Figures 111-41 and 111-42 tzgether -ith re>ated w:'"

replacement costs. The data clearly show wide variatics in a-uel

sumption which tend to validate a need for a management system c'>ic

more control over training allowances. This need is not exclus',e

caliber consumption but extends to all infantry crew served weapons. -e--

haps the best example of the need is the introduction of the M24; S: A:

Automatic Weapon. It is understood that the procurement will tota, C. .

weapons which has the potential of generating an annua" cons.mption

40-50 million rounds. As the focal weapon of the Marine Fire Team, 'e"c

requirements or "demand" for high or liberal allowances car be antc'patez.

Assistant gunners as well as gunners need to be qualifiec. 1 7 c

the fire team and squad leaders will need to be fully trained in direct"-

and coordinating the fire of the M249 in a variety of tactical s-tjatic~s.

Concurrently, the Marine Corps needs a cost effective aporcach -n dete--

mining reasonable training allowances that will ne predictably stable c~e-

a number of years. It is believed this example points toward transition :

an organizational training allowance system as the C series infartr.

battalion is introduced into the force structure.

E. VARIABLE ORGANIZATIONAL ALLOWANCE CONCEPTS

The methodologies defined above leacs to the oredic:azle 'remi se

differing hard data curves will evolve through tes-ung. Due tc the mar.

variables included in the methodology, it seems highly improbable that an1

two battalion level organizations will produce matching curves. One cou'c

attempt to normalize these curves to derive standard allowances for all :Y:

units. However, such an approach woulo not take advantage of the

gathered nor the magnitude of differences in force posture, misscr"

tasking, personnel turnover, and range location/availability that are

existent in the FMF. The study group believes it is entirely feasible t:

set different (or variable) FY84 allowances through judgmental analysis cf

1 1 1
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the current curves and an evaluation of organizational location, mission

tasking, personnel turbulence and live-fire range constraints.

Using the tank structure as the first basic example, the 2nd Tank

Battalion is organized with four tank companies and located at Camp

Lejuene, NC. It continually provides one platoon tb the MED BLT, supports

other deployments and exercises at a high tempo including special cold wea-

ther exercises. The Bn (-) exercises extensively at Camp Picket, VA. Tank

Crew turnover may be expressed as CTI; Range location/availability ma) oe

expressed as RI.

The 3rd Tank Battalion (-) with three tank companies is located at

29 Palms, CA; has NIPS tasking, MCATF testing, but no unit deployments.

Dersonnel and range variables may be expressed as CT2 and R2. The Ist Ta,'K

Battalion (-) is located at Camp Pendleton, CA; does not have NTPS tasking

nor MCATF testing and no unit deployments. Personnel and range variables

may be expressed as CT3 and R3 . The tank company in the Ist Marine Bricace

stands in stark contrast to all other tank units in the FMF -- continuous

support of the deployed 31st MAU drives all facets of its training program.

Again in Japan, the tank company constitutes a unique tasking, personnel

turnover, and range availability variable. In summary, a variable organi-

zational annual allowance tailored to mission tasking and other basic fac-

tors should form the basis of a more cost effective allowance managemert

system.

This same premise can be applied to FY84 artillery allowances. t is

jncerstood that the FY83 allowances for M198 direct support weapons was

based on 155mm allowances, e.g., 306 rounds of DODIC D544 vice 400 roundt

of C445 allowed for the 105mm Howitzer direct support weapon. It is fur-

ther understood that the increased cost of the 155mm ammo ($170.34 pe-

round of D544) was a basic factor in setting the FY83 allowance. However.

it should be clear that setting the D544 allowance at 306 rounds per weapon

does not reduce costs or hold them even. The M198 direct support batteries

are being formed with 8 vice 6 weapons per battery. Assuming a direct sup-

-ort 105mm battery fired its total allowance of C445, the replacement cost
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wqould be $340,080. Assum-ng an 8 tube M198 battery fired its 'reecec

total allowance of D544, the replacement cost would be $416,992.

The study group believes that it is not cnly feasible but ngc-''

desirable to set different FY84 organizational artillery allowances aga-7

through judgmental analysis of the artillery curves in conjunct40n ith

artillery organizational tasking, location and other basic factors.

It is further believec that tne basic premise can be used in FY84 in

conjunction with the formation of C series infantry battalions and -heir

variable unit rotation cycles.

F. CHANGES IN FORCES. WEAPONS AND DOCTRINE AND BUDGET LEVELS - IMPACT ON
TRAINING AMMUNITION ALLOWANCES

1. General - Acquisition Process

Military forces are in a continuing state of evolutionary change.

New weapons and equipment are constantly being integrated into the military

forces inventory. This, in most cases, requires changes in doctrine and

training procedures. The overall policy governing tne acquisition cf major

systems is set forth by Department of Defense in DOD Directives 5000.1
"Major Systems Acquisition", DOD 5000.2 "Major System Acquisition Process"

and DOD Directive 5000.3 "Test and Evaluation". The develcpmental process

of a weapon systems is all inclusive, and includes the developrent -f the

doctrine of employment, the training and support packages to f-ei: a-:

maintain the item, and the oersonnel skill requ~rements to omerate 3-c

sustain the system under field conditions.

The Marine Corps relies primarily on the other services, p-:nci-

pally the Army and Navy, to develop its weapon systems. However, full

coordination is maintained by the USMC with the developing service during

the acquisition process.

* 2. Development of Training Support Packages

The overall acquisition process for new materiel is divided by

DOD into four (4) major phases which include:

(1) Conceptual,

(2) Validation,
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(3) Full Scale Development, and

(4) Production and Development.

The training concepts and requirements are studied, tested and/or evaluated

during each phase in development process. At :he major decision points at

the termination of each phase, impact on training s a pertinent decision-

making factor to be considered prior to proceeding to the next phase.

In the conceptual phase, a materiel concept in the form of a

breadboard and experimental model is presented for developmental decision.

Formal testing is not accomplished in this phase. Usually, the concept is

demonstrated to indicate potential military vaue. The impact on training
is visualized and forms the basis for training requirements enunciated in

the Letter of Agreement (LOA). This is a jointly prepared and authen-
ticated document in which the user and oeveloDer outline basic agreements

for the further investigation of the potential of the materiel system.

Training is covered only in broad, general terms.

During the Validation Phase, an advance development prototype is

produced. It is given both technical and operational tests to form the

basis of an evaluation of the future mil-tary potential of the system and

the readiness of system for transition to the full scale development phase.

Criti:al technical and operational issues are addressed during the testing

in this ptiase. Aggressive force development tests and evaluations are

accomplished by the user to develop employment concepts, operational feasi-

bility, estimated/potential military advantage and also the burdens of the

system. The decision to transition a system to full scale development is

the major acquisition decision 'n the validation phase. This decision

estaclishes the requirement, initiates the expenditure of large sums of R&D

money, and indicates the extent of the procurement dollars to be committed.

Very seldom is a system cancelled after it transitions to the system

development phase. Supposedly, at th~s decision point, critical issues

concerning training have been addressed and answered satisfactorily.

However, details concerning training, such as resources required, have only

been addressed in a cursory manner. Generally, they have been estimated in

a parametric manner by comparison with previous similar systems.
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During the Systems Development Phase, DOD policy requires con-

siderable emphasis on the development of doctrine for employment, organiza-

tional structure, maintenance allocations and procedures, and training pro-

grams and associated training aids. This is referred to as the integrated

logistic support (ILS) package. Most of these support items are covered ir

draft f'eld and technical manuals. The training ammunition requirements

are a7 essential part of the training package. Generally, it is formulatec

parametrically based upon requirements of previous like systems. 11 it 4s

a completely new system, engineering judgments are made to provide an

initial requirement which is integrated with the remainder of the training

package.

3. Test and Evaluation of Support Packages

At the culmination of the development phase, the engineering

development prototype to include the training support package is suoDosed

to be thoroughly tested and evaluated to determine whether the system meets

the requirements and should transition into production. However, there is

a tendency in the development process, due to budgetary constraints ant

project urgency, for the development of the ILS items, including the train-

ing package, to fall behind the development of the prototypes. This lag in

ILS oe~elopment and the resulting testing has a tendency to be carriec

through to the deployment phase. Therefore, systems are frequently

deployed with the training package incomplete, and not thoroughly tested.

This impacts on training ammunition requirements which are developed late

and hurriedly with in ufficient and inadequate testing, it 4s extreme.s

difficu"t under the circumstances, to provide adequate and t~mely justifi-

cation for budgetary purposes for training ammuniticn wnich is being pro-

duced concurrently with the system to meet deployment schedulps.

4. More Emphasis on Timely Training Development in the Overall
Acquisition Process

Greater emphasis must be placed in assuring that doctrine, orga-

nizations, tactics, personnel skill requirements and, above all, the tota,

training package are progressively and concurrently developed with the
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materiel system. Training must be a major consideration in each phase of

development. Further, the total training package must be:

(1) Thoroughly tested and evaluated at the conclusion of the engi-

neering development phase, and

(2) Verified with production items in the production phase.

In regard to training ammunition requirements, the evaluation

should answer critical issues pertaining to the development of the optimum

ocerational proficiency of individual and unit skill levels in the most

economic manner. To develop these requirements, troop unit tests, which

determine acceptable proficiency versus the optimum combination of live and

sub-caliber fire and simulation, should be conducted. The methodology

developed in this study for tank gunnery and artillery battery training

should provide a valuable evaluation tool in this test process.

5. Impact of Materiel Product Improvements, New Training Aids, and
Procedures on Training Ammunition Allocations

All military materiel systems are ever changing. Systems undergo

a number of product improvements over their useful life. Also, training

rocesses and procedures are evolutionary - constantly in a state of

change. Consequently, the training ammunition allocation should be under

close scrutiny to assure that it dovetails with the training procedure.

Data on ammunition usage and proficiency attained must be gathered on a

consistent or periodic basis as determined necessary. Thus, data utilizIn

tne methodology developed in this study will provide a justification for

the live-fire ammunition requirement related to readiness proficiency.

6. Impact of the Budgetary Issue

The military is constantly faced with budgetary constraints that

impact on the amount of training ammunition available for troop use. Major

caliber ammunition, i.e., artillery, tank and mortar, form a majority of

training ammunition budgetary requirements. Hence, there is pressure by

DOD and Congress to reduce the requirement for the high cost ammunition

items. Emphasis is placed on substituting sub-caliber firings and various

other training devices in lieu of live firings using the major caliber

Neapon ammunition.
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Currently, training techniques using new technology is undergoing

dynamic development. There are indications brought out in this study that

an increase in crew proficiency is not proportional to ammunition expended.

Hence, to meet the continuing budget pressure, efforts must continue to

seek more cost effective means of achieving weapons crew proficiency. It

is essential that we seek new non-live fire training techniques which,

coupled with required live-firing, will meet the individual and crew pro-

ficiency requirements. Only in this manner can budget constraints be

successfully overcome.

The methods proposed will provide ammunition allocation as a

function of proficiency and budget constraints. When new weapons or

tactics are introduced, the same general methods will apply. New data w'll

will be needed, beginning with operational tests of the weapons ano

tactics and new equations might be required. The latter decision will ne

determined by the data obtained from tests, and the understanding gained

from the methods developed from the models presented in this report.

G. FINDINGS

The following summarizes the study findings resulting from the

research, survey and analysis:

1. General

Annual missions and deployments of USMC units are a major factor

which should determine individual MAF element training programs. aic

ammunition requirements and allocations.

Hard data on tank gunnery and indirect fire battery performance

are virtually non-existent. This lack of hard data resulted in the need :c

use subjective questionnaires as a survey tool in this study.

The judgments of personnel surveyed showed considerable variance

in absolute values of expected results. For example, estimates of t7e

crews qualifying in one case varied from 40 to 85 percent. However, there

is consistency in trends as reflected in the direction and slope of curves.
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Training ammunition expenditures for tank gunnery and artillery

live firings are not available on a battery/tank platoon basis. Hence, no

correlation between performance and expenditures could be made.

2. Tank Gunnery

The evident lack of consistency identifies data collection needs.

Data should be coliected on the following for each tank crew and platoon:

(1) Qualified or not on first MCCRES test,

(2) Number of retests to qualify,

(3) Amount of full caliber ammo expended by test table,

(4) Amount of subcaliber ammo expended by table,

(5) Proportion of simulation used in pre-table training (crews

only),
(6) Crew longevity to reflect turbulence, and

(7) Platoon longevity to reflect turbulence.

The following concepts can be tested to determine the effects of
:hanges in ammunition allowances, both full and subcaliber:

(1) Reduce the ammunition allowance for selected crews and pla-

toons. Set aside the unused portion of each crew's and pla-

toon's normal allowance. Design the test so that crews or

platoons not qualifying have access to the set-aside ammu-

nition, either until they qualify or until they have

exhausted their normal allocation.

(2) Test the substitution of subcaliber for full ca1liber,

repeating tests until the crews/platoons involved in the

test qualify.

(3) Vary pre-table use of simulation.

After the collection of hard data over a one-year period, the

methodology presented in Chapter III will permit more precise definition of

training ammunition requirements.
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3. Indirect Fire Weapon Systems

Analysis of the questionnaires revealed:

(1) A great variation in judgmental MCCRES performance in rela-

tion to days of live-fire/simulator training and rouncs

fired per day, and

(2) Occasional judgmental contradictions within the same respon-

dents questionnaire.

The effect of changes in training ammunition allowances is inlry

uncertain.

The basis for structuring hard data collection is found in our

proposed methodology. The indirect-fire methodology developed in tnis

study requires as input (for each battery element and for the batter.

overall):

(1) The MCCRES scoring, and for the prior year,

(2) The number of days of training,

(3) The rounds expended per day (live-fire and subcaliber,. and

(4) The personnel turnover.

The analysis provides a basis for testing to determine tne

effects of ammunition use on proficiency. Since battery proficienc,

depends a great deal upon the coordination of elements, testing must be

devised to elicit some measure of the effect of training the naz:er,

together versus training the elements separately.

The updated procedures proposed in the methooology car be usec

determine ammunition allowances needed to achieve a specified averce

battery proficiency, once testing has provided a relationship among:

(1) "Rate of learning" and rounds expended per day (bot V n e-

fire and subcaliber) at the element level,

(2) The effects of turnover at the element level, and

(3) A measure of the increase in "coordination" (e.g., cocr:a-

tion times) between elements as a function of %- ja;

training.
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4. Other Crew Served Weapons

High cost missile systems training ammunition expenditures are

very tightly controlled; hence these offer little opportunity for savings.

A pontential saving might be made by reducing the HAWK missile annual

training allocation per battery from 3 to 2.

Machine gun training ammunition, which has a low unit cost but

has a high expenditure rate, is not tightly controlled and its allocation

rate varies widely on a year to year basis. There appears to be no valid

justification for this fluctuation in allocations.

5. Impact on Ammunition Training Allowances of Changes in Weapons,
Tactics, Doctrine and Budget Constraints

Emphasis must be placed on the concurrent development of systems

ind their training procedures to include training ammunition allowance

beginning at the latest in the full scale development phase of the acqui-

sition.

As weapon systems develop and mature, the training procedure

should be under constant review with the goal of optimizing crew perform-

ance and training costs.
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CHAPTER IV

CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS:

(1) The methodologies developed in this study provide a valid basis

for determining tank and artillery ammunition traininc

allowances. (Chapter III, Section B.4 and C.5 & 7)

(2) Specific changes in ammunition training allowances shouic

commence on an experimental basis in FY84. (Chapter 1ii,

Section B.4.C and C.7.h)

(3) There is a need to collect hard data on both direct and indirect

fire weapons systems; the basis for structuring this collection

effort is identified in Chapter 11. (Section B.4 and C.7)

(4) There is a need to introduce and refine a more definite anc

responsive ammunition allowance management system. (Chapter I11,

Section B.1, B.3 and C.3)

(5) Variable organizational allowance concepts should be testec

through the FMF in FY84 to determine the effects of changes ir

ammunition allowances, both full and subcaliber. This shouc -e

instituted in conjunction with directed increased use of 2hTer

training devices. (Chapter III, Section E)

(6) Logical alternative to the current annual allowance system is a7

organizational basis of allowance vice a per weapon basis.

Further, annual organizational allowances could be developec

conjunction with a quarterly allocation and expenditure repcr:;n-

system (Chapter III, Section E)

(7) Transition to an organizational basis of allowance in coniunc-. c

with adoption of the methodology presented in Chapter ill c ':

provide a management system responsive to changes In weacors.

tactics, doctrine, force structure, and budget constraints.

(Chapter II1, Section F)
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B. RECOMMENDATIONS:

(l) That current allowances be sustained during FY83. (Chapter III,

B.4.b, and C.7.h)

(2) That, commencing with FY84, a system to collect hard data be

instituted as defined in Chapter Il1. (Chapter 111, B.4.c and

C.7)
(3) That, commencing with FY84, variable organizational allowance

concepts be tested throughout the FMF. Proposed FY84 allowances

for tank and M-198 artillery units are depicted in Chapter III,

Sections B and C, respectively.
(4) That the Marine Corps consider transition to an organizational

basis of allowance system for all FMF weapons systems. It is

further recommended that early transition to an organizational

allowance system be considered for M-198 artillery battalions and
C Series infantry battalions. (Chapter III, Section E)
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